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ULTIMATE  ANALYSIS  OF  THE  MINERAL  CONSTITUENTS  OF  A 

HAGERSTOWN  SILTY  CLAY  LOAM  SOIL  AND  OCCURRENCE 

IN  PLANTS  OF  SOME  OF  THE  ELEMENTS  FOUND^ 

WALTER  THOMAS^ 

rennsyhavid  A  gri  cultural  Experiment  Station. 

Kccrivci!  for  puljliriitiwii  ja'iy  1,  1922 
INIROLHCrORY 

The  soil  for  wliidi  analy^is  i>  Iumc  reported  is  ])C'in,t:;;  use;]  in  a  .^O-year 
cooperative  experiment  Ijetween  tlie  Dei>artments  of  Horticulture  and  of 
Experimental  Agricultural  Chemistry.  This  experiment  is  being  conducted 
in  steel  rims,  forty-two  in  number,  to  determine  the  effect  of  fertilizers  on 
the  yield,  growth,  and  other  physiological  functions  of  the  apple  tree.  It 
is  the  result  of  inconclusive  chemical  studies  conducted  during  1017-19  on 
the  soils  and  plants  of  the  experimental  orchards  throughout  the  state.  The 
variables  have  been  eliminated  in  the  present  investigation  as  nearly  as  possible 
by  using  a  uniform  soil  obtained  by  thorough  and  complete  mixing  of  the 
sub-,  subsurface,  and  surface-soil  and  also  by  means  of  a  uniform  stock.  The 
soil  with  which  these  rims  were  filled  was  taken  from  a  strip  of  virgin  land 
adjacent  to  the  experimental  orchard,  which  lies  about  a  mile  and  a  half  to 
the  northeast  of  the  well  known  general  fertilizer  plats,  at  the  junction  of  tlie 
Stonehenge  and  Trenton  formations,  and  is  classed  by  Mooney,  Shaw  et  al. 
(55),  as  a  clay  loam  of  the  Hagerstown  series.  However,  Shaw  recognizes 
considerable  variations  in  the  texture  and  other  physical  qualities  of  these 
soils,  e.g.  he  distinguished  as  present  in  the  general  fertilizer  plats  the  fol- 
lowing sub-classes:  silty  clay  loam,  heavy  loam,  clay  loam  and  clay.  The  me- 
chanical analyses  (cf .  table  1)  of  the  soil  in  this  experiment  would  indicate  that 
it  is  a  mixture  of  the  Hagerstown  silt  loam  and  clay  loam.  This  soil  is  probably 
formed  by  the  disintegration  of  limestone  rocks  and  represents  that  portion 
of  the  soil  mass  adjacent  to  the  parent  rock. 

In  an  intensive  experiment  of  this  character  it  was  regarded  as  fundamcnta.1 
to  have  as  complete  a  knowledge  not  only  of  the  total  constituents  of  the  soil 

^  Contribution  No.  1  from  the  laboratories  of  the  Department  of  Agricultural  Chemistry 
of  the  Pennsylvania  State  College  Agricultural  Kxperimcnt  Station. 

"The  mineralogical  section  of  this  pajjcr  (cf.  p.  18)  is  based  on  the  micro-pctrogra[)hical 
examination  made  by  Professor  A.  P.  lioness.  The  author  wishes  to  take  this  opportunity 
to  express  his  indebtedness  and  gratitude  for  the  guidance  given  him  by  the  late  Dr.  William 
Frear  with  whom  the  author  has  been  associated  for  nearly  10  years  and  under  whose  general 
direction  the  chemical  phase  of  this  project  was  initiated. 
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but  also  of  the  total  amount  of  each  element  present,  which  can  only 
be  obtained  by  making  a  complete  examination  following  the  fusion  method 
for  rock  analyses  and  adopting  quantitative  procedures  of  approved  vaUdity. 

Robinson  (62,  p.  12-13)  has  reported  the  occurrence  of  a  number  of  the  rarer  elements  in 
a  Hagerstown  loam  soil  taken  one  mile  northwest  of  Conshohocken,  Pa,,  which  is  not  far 
from  metamorphic  rocks.  Fragments  of  mica  schist  (1.8  per  cent  of  the  stony  fragments) 
occur  in  the  surface  soil.  This  showing  is  quite  diflferent  from  the  conditions  at  State  Col- 
lege, where  the  soil  has  been  formed  in  place  by  weathering  of  the  limestone  belonging  to  the 
lower  Silurian  formations.  The  existence  of  these  elements  in  this  soil  is  conceivably  sus- 
ceptible of  several  explanations.  If  strictly  residual  then  the  origin  would  be  the  under- 
lying limestone,  but  it  is  very  questionable  if  these  rarer  elements  would  be  found  in  the 
limestone  underlying  the  soil.  This  point  will  be  investigated  later.  As  Aferrill  (54,  p.  4-8) 
points  out,  the  agencies  which  have  been  instrumental  in  the  formation  of  soils  have  l)een 
so  complex  that  many  of  our  soils  are  but  secondary  rocks  in  a  state  of  loose  consolidation, 
and  many  of  the  accumulations  classed  as  residual  have  been  derived  by  disintegration  in 
situ  of  alluvial  materials  which  have  been  brought  down  years  ago  and  deposited  in  shallow 
seas.  Moreover,  because  of  the  transporting  power  of  water,  wind,  or  moving  ice,  few 
residual  deposits  have  retained  their  virgin  purity,  but  have  become  more  or  less  contaminated 
with  materials  from  near  or  distant  sources. 

Dr.  E.  S.  Moore,  Dean  of  the  School  of  Mines  of  the  Pennsylvania  State  College  is 
of  the  opinion  that  these  rarer  elements  have,  probably,  been  derived  "from  the  extensive 
pre-Cambrian  area,  known  as  the  Appalachia,  which  existed  to  the  east  and  northeast  of 
this  region  at  the  time  these  Palaeozic  rocks  were  being  laid  down." 

THE  ISOLATION  OF  THE  RARER  ELEMENTS  IN  THIS  RESIDUAL  SOIL 

Clarke  (11,  p.  15-22),  Merrill  (54,  p.  312),  Washington  (75),  and  Hillebrand  (42,  p.  25-30) 
have  been  consulted  in  obtaining  the  following  data  on  the  soil  used  in  this  study: 

Aluminum:  Found  chiefly  in  silicates  such  as  the  feldspars  and  the  micas.  It  occurs  in 
this  soil  in  the  mixed  feldspars,  R'AlSsiOs,  in  which  R'  may  be  Ca,  Mg,  Na  or  K;  mica, 
H2(KNa)Al|(Si04)j;  tourmaline,  R'eAljB2(OH)2Si40i«,  in  which  R'  may  be  Fe,  Mg  or  alkali 
metals;  and  chlorite,  H8(Mg,Fe)5Ala(SiOi)j. 

Barium:  Widely  distributed  in  small  quantities  throughout  igneous  rocks.  Professor 
Honess  has  found  barite  in  sediments  near  Bellefonte,  Pa.,  and  has  called  the  attention  of 
the  writer  to  the  statement  by  Dana  (19)  that  it  has  been  proven  to  exist  in  amounts  varying 
from  0.45  per  cent  to  2.20  per  cent  in  orthoclase  and  some  acid  plagioclases,  which  are  prob- 
ably the  original  sources  of  barium,  from  which  it  is  dissolved.  It  occurs  also  as  carbonate 
and  witherite.  Failyer  (27)  reports  that  barium  is  present  in  most  soils  throughout  the 
United  States. 

Boron:  An  essential  constituent  of  several  silicates.  It  is  present  in  this  soil  in  tourmaline, 
which  has  been  found  by  Doctor  Moore  in  the  Tuscarora  sandstones  and  quartzites. 

Caesium:  A  rare  metal — the  rarest  of  the  alkalies.  Often  found  in  lepidolite,  (Li,K)j 
(FOH)2Al2Si03;  Vernadski  (69,  70)  found  spectroscopic  traces  in  the  feldspars  and  micas, 
which  are  the  probable  sources  of  the  element  in  this  soil. 

Calcium:  An  essential  constituent  of  many  rock-forming  minerals  such  as  the  amphiboles 
and  the  pyroxenes.  It  occurs  as  dolomite,  CaMg(C03)2,  and  amphibole,  Ca(MgFe)j(SiOi)4. 
Sericite  and  the  mixed  feldspars  found  in  this  soil  contain  small  amounts  of  calcium. 

Chrofnium:  Very  widely  diffused  in  the  form  of  chromite,  (Fe,Cr)[(Cr,Fe)02]2,  and  espe- 
cially in  ferro-magnesian  rocks.     Its  source  in  this  soil  is  probably  chlorite. 

Fluorine:  Fluorine  is  found  in  a  num])er  of  silicates  such  as  tourmaline  and  the  micas, 
which  are  its  probable  source  in  this  soil. 
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Iron:  Found  in  practically  all  rocks.  Occurs  as  limonite,  H2Fe204(H20)4;  ilmenite 
FeTiOs;  magnetite,  Fe304;  and  also  chlorite  and  amphibole  in  this  soil. 

Lithium:  Traces  are  found  in  nearly  all  igneous  rocks.  The  most  important  lithia 
minerals  are  lipidolite,  (Li,K2)(F,OH)2Al2Sij09;  spodumene  LiAl(Si03)2;  and  the  lithia 
tourmalines  and  alkali  feldspars.  Washington  (75,  p.  20)  states  that  it  frequently  occurs 
in  rocks  high  in  sodium. 

Magnesium:  Magnesium  occurs  in  this  soil  as  amphibole,  dolomite  and  chlorite.  The 
micas  also  contain  magnesium. 

Manganese:  Found  in  most  rocks  and  soils  in  small  amounts  in  the  ferro-magnesian 
minerals.  Through  alteration  it  appears  sometimes  on  the  surfaces  of  limestones  and  sand- 
stones.    Its  probable  source  in  this  soil  is  chlorite. 

Molybdenum:  Hillebrand  (42,  p.  185)  has  found  it  in  minute  quantities  in  siliceous  rocks. 
It  has  also  been  found  in  granite  in  the  form  of  molybdenite,  MoSo,  but  its  source  in  this 
soil  has  not  been  determined. 

Phosphorus:  P^ound  in  nearly  all  igneous  rocks  in  the  mineral  apatite.  Its  source  in  this 
soil  has  not  been  determined  unless  it  occurs  in  the  limonite  fcf.  p.  11). 

Potassium  and  sodium:  These  metals  are  present  in  this  soil  in  the  mixed  feldspars  and 
micas. 

Rubidium:  The  source  of  this  metal  in  this  soil  has  not  been  determined.  It  is  found  in 
lepidolite,  (Li,K)2(F,OH)2Al2Si20B,  and  in  some  mineral  springs.  It  is  reported  as  being 
present  in  the  waters  of  the  Caspian  Sea. 

Strontium:  This  is  a  common  ingredient  of  igneous  rocks  in  small  amounts.  The  most 
important  minerals  are  celestite,  SrS04,  and  strontianite,  SrCos.  Lesley  (47)  reports  the 
absence  of  celestite  in  the  beds  of  this  limestone  formation.  Professor  Honess,  however, 
has  called  to  the  author's  attention  the  fact  that  Dana  (20)  states  that  it  occurs  in  the  lime- 
stone regions  of  Central  Pennsylvania,  at  Bells  Mills,  Blair  County.  It  has  recently  been 
found  by  Mr.  A.  H.  Dewey  of  the  School  of  Mines  of  this  Institution  at  Williamsburg,  Pa. 

Sulfur:  The  source  of  sulfur  in  this  soil  has  not  been  determined.  It  certainly  exists  as 
sulfates  and  in  organic  combination.     No  sulfide  minerals  were  found. 

Titanium:  Titanium  is  almost  invariably  present  in  igneous  rocks  and  the  sedimentary 
material  derived  from  them.     It  occurs  in  this  soil  as  ilmenite,  FeTiOs,  and  rutile,  Ti,Ti04. 

Vanadium:  This  is  diffused  with  titanium  through  all  primitive  granite  rocks,  has  been 
found  in  rutile  and  bauxite,  and  is  reported  as  occurring  very  commonly  in  small  amounts 
in  residual  limestone  deposits,  which  is  probably  the  source  of  the  vanadium  found  in  this 
soil.  Phillips  (58)  suggests  that  vanadium  in  sedimentary  rocks  may  be  derived  from  the 
decay  of  mineral  organisms — the  acidians. 

Zirconium:  This  is  allied  to  titanium  and  rather  widely  diffused  in  the  igneous  rocks  and 
has  been  found  by  Doctor  Moore  in  the  Tuscarora  sandstones  and  quartzites.  Hillebrand 
(42,  p.  25-30)  and  Robinson  (62,  p.  3)  state  that  it  occurs  in  largest  amounts  in  soils  high 
in  silica  and  sodium. 

The  present  investigation  is  of  special  interest  because  of  the  isolation  by 
quantitative  methods  of  known  validity  and  confirmatory  quaUtative  tests 
of  the  rarer  elements  vanadium,  chromium,  molybdenum,  zirconium,  titanium, 
rubidiimi,  caesium,  Uthium  and  also  of  the  elements  barium  and  strontium, 
concerning  the  presence  of  which  in  this  soil  series  much  doubt  has  existed. 

THE   DISTRIBUTION    OF    THE   ELEMENTS   PRESENT   IN    THIS    SOIL 

MECHANICAL    ANALYSIS 

The  mechanical  analysis  was  carried  out  by  the  method  described  by  the 
Bureau  of  Soils  (8,  p.  7-24)  on  samples  prepared  according  to  the  methods 
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prescribed  by  the  Association  of  Official  Agricultural  Chemists  (2)  dried  at 
110°C.     DupHcate   determinations  were  made  and  are  shown  in  table  1. 

It  is  of  interest  to  note  the  difference  in  mechanical  composition  of  this 
soil  and  that  of  the  grass  lands  of  the  general  fertilizer  plats  as  given  by  Frear 
and  White  (30),  in  table  2. 

The  soil  used  in  the  apple  rim  experiment  is,  therefore,  of  a  much  more 
clayey  texture  than  the  major  portion  of  the  land  of  the  college  farm,  though 
the  relatively  larger  amount  of  clay  present  is  not  sufficient  to  interfere  with 
the  ease  of  tillage,  excellence  of  drainage  and  formation  of  clods  on  drying, 
which  are  characteristic  of  this  soil  type. 


GR.\I)t". 


TABLE  1 


Coarse  sand,  1.0-0.5  mm. . . . 
Medium  sand,  0.5-0.25  mm . 

Fine  sand,  0.25-0.1  mm 

Very  fine  sand,  0.1-0.05  mm 

Silt,  0.05-0.005  mm 

Clay,  0.005  mm.  or  less 

Loss  on  ignition 

Total 


Si'KFACT.  SOIL 
TO  9    5  IN. 

srBsrHFArF,  soil 
9  5-18  .Sin. 

srws 
18  ,S-^ 

(a) 

(b) 

(a) 

(1)) 

(a; 

per  cent 

per  cent 

Per  cent 

per  cent 

Per  cent 

7.30 

7.52 

5.45 

5.43 

4.43 

4.82 

5.20 

3.90 

3.74 

3.51 

3.40 

3.40 

3.07 

3.00 

3.05 

12.80 

12.51 

14.00 

13.98 

12.22 

50.30 

50.52 

45.43 

46.00 

46.45 

15.78 

15.67 

23.29 

22.76 

25.57 

5.30 

5.30 

5.00 

5.00 

5.50 

99.70 

100.12 

100.14 

99.91 

100.73 

(b) 


percent 

4.45 

3.40 

3.01 

12.50 

47.44 

24.33 

5.50 

100.63 


TABLE  2 

GRADE 

SURFACE  SOIL 
TO  7  EN. 

SlTiSURFACE, 
7-14  IN. 

Very  fine  sand 

Silt 

per  cent 

6.44 

75.05 

9.45 

per  cent 

6.78 
67.83 

Clay 

17.98 

Samples  were  taken  from  each  wheelbarrow  load  as  the  rims  were  being 
filled.  These  were  placed  in  cans  and  stored  as  ''surface-",  "subsurface-" 
and  "sub-"  soil.  The  samples  from  each  of  these  three  layers  were  treated 
as  follows:  The  whole  soil  sample,  about  270  kgm.,  was  placed  upon  heavy 
paper,  thoroughly  mixed  by  turning  over  with  a  hand  scoop,  and  divided  into 
four  segments  in  the  usual  way.  The  process  of  mixing  and  quartering  was 
continued  until  the  quantity  of  soil  was  reduced  to  about  2  kgm. 

The  three  samples  resulting  were  air-dried,  washed  and  sieved  as  prescribed 
by  the  method  of  the  Association  of  Official  Agricultural  Chemists  (2). 
About  50  gms.  of  each  sample,  was  finely  ground  in  an  agate  mortar  until 
all  passed  through  a  two  hundred  mesh  silk  bolting  cloth. 
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THE    CHEMICAL    ANALYSIS 

The  complete  chemical  analysis  of  the  soil,  in  general  as  outhned  by  Hille- 
brand  (42),  is  given  in  table  3. 

The  analysis  of  the  various  soil  fractions  has  not  been  undertaken.  Fail- 
yer.  Smith  and  Wade  (28)  have  shown  that  as  a  general  rule  the  smaller  parti- 
cles of  soils  are  richer  in  potassium,  calcium,  magnesium  and  phosphorus  than 

TABLE  3 


CON.SIITI'ENT 


SiO... 
.\Uh. 

FeO.. 

V005.. 

Cr20,. 

M0O2. 

Ti02.. 

P2O5.. 

ZrO,., 

MnO. 

CaO.. 

MgO. 

BaO.. 

SrO.. 

Rb... 

KoO.. 

Cs... 

Na,0. 

Li.... 

CI.... 

S 


SO, 

Loss  on  ignition 


SURFACK  SOIL  TO 
9    5  IN. 


(a) 


(b) 


p-^r  crnl 

11  Mi) 
10.192 
3,710 
0 , 5'«) 
0.036 
0.002 

P* 
0.340 
0.102 
0.037 
0.240 
0.660 
0.650 
0.009 
0.016 
0.001 
3.960 
N  F 
2.280 
Trace 
Trace 
0.062 
0.017 
5  300 


per  cent 

72  ,w() 
10  ,>22 
,v070 
0 .  550 
0.036 
0.002 

P 

0.320 

0.095 

(0.037)1 

0.230 

0.700 

0.680 

(0.009) 

0.010 

0.001 

3.890 

N  I- 

2.240 

Trace 

Trace 

(0.062) 

0.017 

(5.300)t 


SUBSURFAfF,  SOIL 
9    5-18   5  IN. 


(a) 


Total 1100.474 


Less  oxygen  equivalent  of  S '  100  .448 


per  cfnt 

(.7.720 
13  50,-. 
.S .  580 
0.350 
NE 
NE 
NE 
0.480 
0.102 
0.045 
0.250 
0.650 
0.980 
0.019 
0.022 

N  1-: 

4.220 

X  i: 

1.280 
Trace 
Trace 
0.051 
0  020 
5  000 


(b) 


SUBSOIL 

18  5-t2  IN. 


(a) 


(b) 


100.511       UK).  272 


per  irtit 

07.620 

l,^    (>()7 

5 .  580 
0.350 
NE 
NE 
NE 
0.460 
0.098 
(0.045) 
0.260 
0.660 
1.050 
0.020 
0.018 
N  E 
4.180 

N  r: 

1.300 
Trace 
Trace 
(0.051) 

0.020 
(5.000) 

100.379 


100. 4S5     1100.250  1100.357 


P<-r  .  fnt 

63  230 
l.v')'M 
6.840 
0.207 
0.090 
0.002 

P 
0.440 
0.077 
0.050 
0.230 
0.900 
1.370 
0.019 
0.033 
0.001 
4.420 

P 
1.350 
Trace 
Trace 
0.062 
0.017 
5.500 


100.832 


100.806 


per  <  ent 

63  000 
l.S  674 
6 .  >>U) 
0.207 
0.080 
0.002 

P 
0.480 
0.078 
(0.050) 
0.260 
0.910 
1.350 
0,019 
0.028 
0.001 
4.400 

P 
1.280 
Trace 
Trace 
(0.062) 
0.017 
(5.500) 


100,538 


100.512 


*  P  =  present;  N  E  =  not  e.xamined;  N  F  =  not  found. 

t  Parentheses  indicate  that  duplicate  determinations  were  not  made. 

the  coarser  particles  and  the  concentration  becomes  greater  the  greater  the 
weathering,  and  that  the  larger  mechanical  fractions  contain  these  elements 
in  forms  which  by  protracted  weathering  will  become  more  soluble  and  will 
ultimately  be  concentrated  in  the  finer  compounds. 

The   mineralogical   examination   of   this   soil   (cf.    p.   10)   confirms    these 
conclusions. 
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NOTES  ON  THE  CHEMICAL  ANALYSIS 

1.  Before  mixing  with  sodium  carbonate  prior  to  the  fusion,  the  charge  was  ignited  to 
destroy  organic  matter. 

2.  The  silica  not  obtained  by  the  fusion  with  HCl,  after  three  evaporations  and  inter- 
vening filtrations  (41),  was  separated  from  the  mixed  oxides,  of  alumina,  etc.,  by  fusion  with 
potassium  bisulfate  and  added  to  the  weight  of  the  silica  already  obtained.  The  weight  of 
silica  was  corrected  for  impurities  by  evaporation  in  HF  and  H2SO4. 

3.  The  precipitation  of  iron  and  aluminum  was  made  with  anmionia  by  Blum's  pro- 
cedure (6).  The  author  found  no  manganese,  alkaline  earth  metals  or  magnesium  in  this 
precipitate. 

4.  Manganese  was  determined  by  the  ammonium  sulfide  method.  The  amount  of 
manganese  that  escaped  preci[)itation  was  negligible,  for  none  was  found  by  tlie  colori- 
metric  method  in  the  magnesium  pyrophosphate  i)reciiMtatc  in  which,  if  any  was  present, 
it  would  occur. 

5.  The  results  for  ferrous  iron  are  to  be  regarded  as  approximate.  The  various  devices 
used  to  prevent  oxidation  of  the  FeO  to  FeiOj  are  fully  discussed  by  Hillebrand  (42,  p.  189- 
192)  and  Washington  (75,  p.  122-126).  The  i^resencc  of  organic  matter,  moreover,  might 
reduce  some  of  the  ferric  iron  during  the  operations.  Cooke's  method  (15)  simpHfied  by 
Barneby  (3)  was  adopted. 

6.  NirkH,  robaU,  ropner,  zinc,  mercury,  silver,  tin,  lead  and  arsenic  were  not  found. 

7.  Calcium  and  strontium  were  precipitated  as  oxalates  and  separated,  after  conversion 
into  the  nitrates,  by  the  ether-alcohol  tnethod  (32).  The  strontium  was  weighed  as  the 
sulfate,  which  was  examined  by  the  spectroscope. 

The  orange  a  line  of  wave  length  6060  and  the  blue  5  line  of  wave  length  4607 . 5  identi- 
fied Sr.  The  band  spectrum  of  calcium  with  characteristic  line  of  wave  length  4226.9  was 
also  observed.  This  examination  confirms  the  presence  of  strontium  in  this  soil,  though 
complete  separation  from  calcium  was  not  effected.  It  is  remarkable  that,  though  barium 
was  absolutely  identified,  no  barium  lines  were  observed  in  this  separate,  showing  complete 
separation  from  this  element. 

8.  Barium  together  with  zirconium,  total  sulfur  and  rare  earths  were  determined  by  fusion 
with  sodium  carbonate  and  a  little  potassium  nitrate  on  a  separate  2-gm.  charge  of  the 
soil.  The  zirconium  and  rare  earths  were  separated  from  barium  by  means  of  dilute  warm 
sulfuric  acid.  After  evaporating  the  residue  remaining  undissolved  with  hydrofluoric  acid 
and  sulfuric  acid,  it  was  freed  from  calcium  and  strontium  by  repeated  fusions  with  sodium 
carbonate,  solution  of  the  melts  in  water  and  reprecipitation  with  sulfuric  acid.  The  barium 
sulfate  obtained  in  this  manner  was  dissolved  in  concentrated  sulfuric  acid  and  reprecipitated 
by  water  to  remove  the  last  traces  of  calcium.  The  barium  sulfate  thus  obtained  was  ignited, 
weighed  and  examined  by  the  spectroscope. 

The  green  barium  line  of  wave  length  5535.7  was  used  for  identification.  Separation 
from  calcium  and  strontium  was  completed,  as  none  of  the  characteristic  lines  of  these  ele- 
ments were  present. 

9.  The  method  which  Robinson  (62,  p.  7;  64),  used  to  estimate  the  amounts  of  rubidium 
and  caesium  was  adopted.  Ten-gram  portions  of  soil  were  used.  The  method  removes  a 
large  part  of  the  potassium  and  sodium  chlorides  present  by  fractional  precipitation  with 
platinic  chloride  and  then  by  strong  hydrochloric  acid.  The  platinum  was  removed  from 
the  double  platinic  chlorides  CsjPtCla  and  RbsPtCls  by  Horsch's  method  (44).  After  filtering 
and  evaporation,  the  weights  of  the  mixed  chlorides  from  the  surface  and  subsoil  were  0.8  and 
0.2  mgm.  respectively.  After  treatment  with  hydrochloric  acid,  it  was  filtered  into  small 
vials  and  examined  by  means  of  the  spectroscope,  using  the  flame  spectrum,  according  to 
the  method  of  Gooch  and  Phinney  (37). 

The  blue  rubidium  lines  of  wave  length  4215.6  and  4202  were  clearly  defined  in  both  the 
case  of  the  surface  and  subsoil.  In  the  case  of  the  subsoil,  but  not  of  the  surface  soil,  a 
doublet  of  wave  length  4593.3  and  4555.4  was  plainly  discernible. 
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10.  The  examination  for  Hthium  was  made  on  the  solution  obtained  after  removal  of  the 
potassium  as  potassium  platinic  chloride  from  the  mixed  chlorides  of  potassium  and  sodium. 
The  platinum  was  removed  by  Horsch's  method.  The  lithium  lines  of  wave  length  6708.2 
and  5104  were  observed. 

An  attempt  was  made  to  effect  a  separation  of  the  lithium  and  sodium  by  Gooch's  method 
(36),  but  the  amounts  of  lithium  chloride  obtained  were  too  small  to  obtain  pure. 

11.  Calcium  was  always  found  in  the  magnesium  pyrophosphate  and  was  removed  by 
treatment  of  the  latter  with  dilute  sulfuric  acid  and  alcohol.  The  calcium  sulfate  obtained 
was  filtered,  weighed,  and  suitable  corrections  made  in  the  figures  for  calcium  and  magne- 
sium oxides. 

12.  The  zirconium,  rare  earths,  and  total  sulfur  were  determined  by  fusing  2-gm.  portions 
of  the  soil  i)owder  (see  note  S). 

The  zirconium  pyrophosphate  o])taincd  by  ip;nition  of  the  i)hosphatc  was  freed  from  any 
titanium  that  mi^ht  possibly  be  present  by  fusion  svith  sodium  carbonate,  leaching  with 
water,  fusion  of  the  residue  with  potassium  !)yrophosphatc,  solution  of  the  melt  in  20  per 
cent  sulfuric  acid  [Rerolardot  and  Reglade  (61)]  to  i)r('vent  contamination  with  titanium, 
iron,  and  chromium  with  the  addition  of  hydrogen  peroxide  and  repreci[)itating  with  sodium 
hydrogen  i)hosphate.     Ihe  prccii)itate  was  ignited  and  weighed  as  the  pyrophosphate. 

Certainty  as  to  its  identification  was  again  established  by  fusing  with  sodium  carbonate, 
leaching,  igniting  the  residue,  fusing  with  potassium  pyrophosphate  and  reprecipitating 
with  ammonia,  filtering,  igmtmg  and  weighmg  as  ZrOj.  This  was  then  dissolved  in  con- 
centrated sulfuric  acid,  i)recipitated  with  ammonia,  dissolved  in  hydrochloric  acid  and 
tested  with  tumeric  paper  after  evaporation  almost  to  dryness. 

13.  The  rare-earth  metals  were  sought  in  the  filtrate  from  the  zirconium  phosphate  by 
precipitating  with  KOH  and  treating  the  precipitate  with  HF,  converting  into  sulfates, 
precipitating  with  ammonia,  and  finally  converting  into  the  oxalates.  The  amounts  were 
extremely  small  and  no  concordant  results  could  be  obtained. 

14.  Vanadium,  chromium  and  molybdenum  were  determined  by  the  Hillebrand  (42, 
p.  185)  method  on  a  5-gm.  charge  of  the  soil  powder. 

Confirmatory  qualitative  tests  for  the  presence  of  vanadium  and  molybdenum  were 
applied  as  follows:  The  solution  was  evaporated  to  dryness  and  heated  to  expel  excess  of 
sulfuric  acid.  The  residue  was  taken  up  with  2-3  cc.  of  water  containing  a  few  drops  of 
dilute  nitric  acid.  On  addition  of  a  few  drops  of  hydrogen  peroxide  a  characteristic  brownish 
tint  developed.  Certainty  as  to  the  identity  of  molybdenum  was  established  by  igniting 
the  sulfide  in  porcelain  and  adding  a  single  drop  of  concentrated  sulfuric  acid.  On  heating, 
a  beautiful  blue  color  indicated  the  i)resence  of  molybdenum. 

15.  The  literature  on  the  determination  of  sulfur  as  barium  sulfate  is  voluminous.  The 
total  sulfur  was  determined  by  fusion  with  sulfur-free  sodium  carbonate  and  about  0.5  gm. 
potassium  nitrate,  solution  of  the  melt  in  water,  reduction  of  the  manganese  with  ethyl 
alcohol  and  precipitation  as  barium  sulfate.  In  connection  with  this  determination  it  is 
interesting  to  note  that  Hillerbrand  has  shown,  contary  to  the  experience  of  Stoddart  (67), 
that  it  is  unnecessary  to  remove  the  silica.  For,  if  the  filtrate  measures  about  100-200  cc. 
and  is  acidified  only  slightly  with  hydrochloric  acid  in  the  cold,  no  separation  of  the  silica 
occurs.  This  is  indeed  fortunate  for  in  the  case  of  soils  the  amount  of  silica  is  so  high  that 
filtration  from  the  silica  woUld  be  an  almost  impossible  task.  The  writer  found  absolutely 
no  separation  of  silica  by  this  method.  The  sulfur  given  in  the  tabulated  statement  was 
obtained  by  subtracting  from  the  total  sulfur  that  present  as  SO3,  obtained  by  treating  with 
100  cc.  of  161  per  cent  HCl. 

16.  The  loss  on  ignition  has  no  particular  significance.  It  represents  the  algebraic  sum 
of  a  number  of  changes  depending  on  the  temjierature  employed.  With  increasing  temper- 
ature the  sulfates  are  decomposed,  all  the  sulfur  being  driven  off,  at  which  point  the  alkalies 
begm  to  escape.  The  figures,  which  are  the  average  of  a  large  number  of  determinations, 
are  to  be  regarded  as  ai)proximations  only,  for  it  is  difficult  to  prevent  reduction  by  the  organic 
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matter,  even  if  a  low  temperature  with  proper  precautions  is  employed.  This  fact  together 
with  the  difficulty  of  dehydrating  the  hydrated  minerals  like  mica,  limonite  and  chlorite 
accounts  for  the  summation  being  over  100. 

17.  Boron  and  fluorine  exist  in  tourmaline  and  mica  respectively,  both  of  which  have 

been  found  in  this  soil. 

The  author's  attempts  at  a  quantitative  estimation  of  these  elements  in  this  soil  have 
not  met  with  much  success.  Cook  (12)  and  Cook  and  Wilson  (13,  14),  have  described  with- 
out giving  details  the  methods  used  in  estimating  boron  in  soils.  The  author,  however, 
could  not  obtain  consistent  results  with  the  colorimetric  method  used  by  these  authors  or 
by  the  method  outlined  by  Hillebrand  (42,  p.  234^238).  The  objection  found  to  the  color- 
imetric method  was  the  inability  to  secure  reagents  used  in  the  test  that  gave  no  color  with 
filler  p-dpcT  dipped  in  a  0.2-per  ct-nt  solution  of  currumin.  The  amtHint  i)resent  was  too 
small  to  o))tain  any  success  with  IIille])ran(rs  method. 

18.  l\vo,  and  sometimes  three  precipitations  were  carried  out  throughout  this  work. 
Wherever  [)ractica])le  eva{)orations  and  precipitations  were  made  at  the  ])oiling  point  in 
platinum  (li.-he<.  The  hltrations  were  made  into  pyn-x  j;1:iss  beakers.  lUank  determinations 
were  made  on  all  reaji;ents. 

DISCUSSION   OF   THE   ANALYSIS 

Examination  of  the  results  indicates  that  the  surface  and  subsurface  soil 
contain  more  phosphoric  acid  than  the  subsoil.  Sodium  is  much  higher 
in  the  surface  soil  than  in  the  other  two  layers,  whereas  the  subsoil  is  richest 
in  calcium,  magnesium  and  potassium. 

The  tendency  of  iron  to  work  its  way  down  is  manifest,  the  subsoil  containing 
almost  twice  as  much  FeoOa  as  the  surface  soil.  Inasmuch  as  the  FeO  in  the 
surface  soil  is  more  than  double  the  amount  in  the  sul^soil,  it  would  appear 
that  the  reduction  effect  due  to  the  larger  amount  of  organic  matter  in  the 
surface  soil  offsets  the  oxidizing  effect  due  to  aeration. 

The  presence  of  aluminum  and  iron  in  lar<]re  amounts  favors  the  formation 
of  insoluble  phosphates  of  these  elements.  This  may  explain  why  phosphorus 
is  the  limiting  factor  in  these  soils. 

Manganese  remains  about  constant  in  the  surface  , subsurface  and  subsoil. 

Titanium  oxide  ranges  from  0.4  per  cent  to  1.5  per  cent  in  the  chief  soil 
types  in  this  country;  it  is,  therefore,  relatively  low  in  this  soil. 

It  would  appear  that  the  sulfur  present  is  sufficient  for  present  needs;  but 
much  of  it  is  combined  in  such  a  state,  probably  in  organic  combinations,  that 
is  not  readily  soluble  in  acid. 

There  is  no  evidence  of  the  presence  of  sulfides  such  as  pyrite  or  marcasite. 

It  is  remarkable  that  lead  and  zinc,  found  in  a  number  of  localities  in  both 
Siluro-Cambrian  and  later  limestone  form.ations,  were  not  present  even  in 
traces  in  this  soil. 

Analysis  of  more  or  less  disintegrated  dolomite  by  Knight  (46)  showed  that 
10  per  cent  of  the  CaCO^  had  been  removed,  and  that  the  MgCOa  had  remained 
relatively  stable.  If  the  Ca  and  Mg  in  this  soil  had  been  derived  entirely 
from  dolomite  we  would  have  a  ratio  of  CaOMgO  =  vSO.4/21.7.  It  is  obvious 
from  the  results  of  the  chemical  analysis  that  a  large  portion  of  the  calcium 


must  be  derived  from  amphibole,  and  that  a  considerable  portion  of  the  mag- 
nesium is  derived  from  chlorite. 

The  amounts  of  chlorine  and  sulfuric  acid  are  low.  If,  as  experimental 
evidence  seems  to  indicate,  these  radicals  are  necessary  for  the  synthetic 
processes  in  plants  or  as  carriers  of  the  alkalies  from  the  soil  to  the  plant, 
fertilization  with  chlorides  and  sulfates  may  have  considerable  effect  in  this 
experiment. 

This  soil  is  naturally  rich  in  potash,  and  inasmuch  as  the  orthoclase  frag- 
ments were  found  by  the  micro-petrographical  determination  to  be  highly 
kaolinized  and  broken  up,  this  may  explain  the  reason  why  {)otash  dressings 
alone  cause  little  or  no  crop  increase  on  this  soil  type. 

THE    MINERALS    OF    THIS    SOIL 

Chamberlain  and  Salisbury  (9)  and  Delage  and  Lagatu  (22,  2^)  were 
the  first  to  show  that  nearly  all  the  common  rock-forming  minerals  are  to  be 
found  in  any  ordinary  soil,  formed  in  the  process  of  weathering  and  presenting 

changes,  especially  in  the  feldspars,  where  alteration  products  could  be  recog- 
nized in  the  mineral  fragments. 

The  chemical  analysis  indicates  the  total  amount  of  elements  present  in  a 
soil;  the  mineralogical  analysis,  however,  helps  to  show  in  what  way  these 
elements  are  combined. 

Considerable  work  has  been  done  on  the  solubility  of  minerals  such  as  the  feldspars, 
micas,  tourmaline,  chlorite,  orthoclase,  muscovite,  dolomite,  limestone,  rutile,  quartzite,  etc., 
all  of  which  are  measurably  soluble  in  water.  For  details  the  reader  is  referred  to  the  work 
of  \V.  li.  and  R.  E.  Rogers  (65),  Skey  (66),  Beyer  (4),  Daubree  (21),  Clarke  (10,  11,  p.  532), 
Cushman  (16,  p.  6-7)  and  Funk  (33).  Cushman's  work  is  of  interest  as  showing  that  fresh 
particles  of  siliceous  rock  form,  upon  contact  with  and  decomposition  by  water,  a  colloid  or 
gelatinous  substance  that  forms  a  film  on  contact  with  their  surfaces  which  possesses  great 
power  of  adsorption. 

THE  AVAILABILITY  OF  SOME  OF  THE  MINERALS  PRESENT  IN  THIS  SOIL 

The  experimental  results  on  the  availability  of  the  various  minerals  in  this 
soil  are  not  clearly  defined. 

Cushman  (17)  called  attention  to  a  series  of  experiments  with  tobacco  seedlings  which 
showed  that  finely  ground  orthoclase  was  nearly  as  efficient  a  source  of  potash  plant  food 
as  the  more  soluble  potash  salts.  He  emphasizes  the  necessity  for  improvements  in  methods 
and  machines  for  grinding  rock.  Prianishnikov  (59),  Fraps  (29,  p.  5-16)  and  Bieler-Chatelan 
(5)  conclude  from  their  experiments  that  plants  assimilate  very  little  [)otash  from  orthoclase 
and  microcline  even  when  finely  powdered.  Fraps  showed,  however,  that  they  removed 
from  7  to  13  i)er  cent  of  the  potash  from  the  finely  ground  micas,  biotite  and  muscovite  and 
Prianishnikov's  experiments  indicated  an  assimilation  by  plants  of  about  17  per  cent  of  the 
potash  from  this  mineral.  Breazalc  and  Briggs  (7)  showed  that  the  availability  to  plants 
of  potash  in  soils  derived  from  orthoclase-bearing  rocks  is  not  increased  by  addition  of  lime 
or  gypsum. 
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The  author  has  been  unable  to  find  any  experimental  work  on  the  avail- 
ability of  the  other  minerals  present  in  this  soil. 

THE  MINERALOGICAL  EXAMINATION 

The  micro-petrographical  examinations  were  made  by  Professor  Arthur  P. 
Honess  of  the  Department  of  Geology  of  the  School  of  Mines  of  the  Pennsyl- 
vania State  College.  Examinations  were  made  on  separates  made  by  me- 
chanical analysis  by  the  writer.  Professor  Honess  states  that  owing  to  the 
lack  of  necessary  equipment  the  examination  has  not  been  as  complete  as 
could  be  wished. 

Surface  Soil 
In  the  surface  soil  the  sand  fractions  were  sieved  and  examined  separately. 

Very  fine  sand  (0.1  mm.-0.05  mm.).  Mixed  feldspars  about  50  per  cent.  Quarts  about 
35  per  cent.  The  microcline  occurs  in  blue-gray  cleavage  fragments  usually  fresh  and  un- 
altered, although  fragments  appear  at  times  slightly  kaolinized.  The  remaining  15  per  cent 
represents  iron  oxides  (some  specimens  of  which  are  magnetic),  nitile,  chlorite,  dolomite  and 
tourmaline,  with  limonite  predominant. 

Fine  sand  (0.25  mm.-O.l  mm.).  Quartz  is  present  in  larger  amounts  than  feldspar. 
Many  fragments  of  quartz  from  this  sample  are  highly  colored  by  iron  oxide  and  frequently 
enclose  particles  whith  are  brown  to  black  in  color  and  sometimes  strongly  magnetic.  This 
is  probably  magnetite  or  ilmenite.    The  accessory  species  are  the  same  as  in  the  very  fine  sand. 

Medium  sand  (0.5  mm.-0.25  mm.).  This  does  not  materially  differ  from  the  fine  sand, 
except  that  quartz  and  dolomite  are  somewhat  more  abundant.  There  is  not  the  variety 
of  accessory  species  noted  in  the  finer  grades. 

Coarse  sand  (1  mm.-0.5  mm.).  This  fraction  is  composed  of  about  85  per  cent  quartz. 
It  occurs  as  rounded  or  subangular  grains;  but  are  occasionally  aknost  spherical.  Iron 
oxide  is  present  either  as  independent  grains  or  as  patches  adhering  to  quartz.  A  search 
was  made  for  accessories  by  crushing  part  of  the  sample  and  mounting  in  Canada  balsam; 
no  new  species,  however,  were  observed.    The  total  absence  of  feldspars  is  noteworthy. 

Subsoil 

Sand.  The  sand  fractions  of  the  subsoil  were  not  sieved  into  the  various  grades  as  in 
the  case  of  the  surface  soil,  but  were  examined  as  a  whole.  About  40  per  cent  consisted  of 
quartz  and  45  per  cent  of  feldspar.  Occasionally  fragments  of  dolomite  were  found;  limonite 
grains  are  common  and  also  iron  stained  quartz.  Some  of  the  microcline  fragments  are 
well  preserved,  others  are  slightly  colored  by  iron  and  show  some  slight  evidence  of  alteration. 
As  accessory  components:  Tourmaline,  mica  and  rutile  were  observed. 

Surface,  subsurface  and  subsoil 

Silts.  The  silts  were  difficult  to  determine  due  to  their  finely  divided  state.  Some 
attempt  has  been  made  to  determine  the  minerals  present;  complete  analysis  has  not  been 
possible  because  of  the  lack  of  necessary  apparatus.  A  preponderance  of  feldspar  (micro- 
cline) was  noted  with  a  little  quartz  and  a  variety  of  accessories  among  which  tourmaline, 
chlorite,  amphibole,  and  sericite  were  unmistakably  present. 

The  silts  from  the  surface,  subsurface  and  subsoil  do  not  materially  differ 
from  one  another,  all  being  rich  in  feldspar  and  showing  many  accessory 


species.     It  is  of  interest  to  note  that  the  feldspar  is  essentially  microcline. 
The  silts  are  thus  characterized  by  the  absence  of  altered  minerals. 

Remarks  on  the  mineralogical  examination 

From  the  examination  of  the  surface  sand  fractions,  it  is  seen  that  the  finer 
the  fractions  the  richer  it  becomes  in  feldspar  and  in  the  variety  of  accessory 
species,  which  gradually  decrease  in  amounts  as  the  fractions  become  coarser, 
because  owing  to  perfect  cleavage  they  are  more  easily  broken  into  fragments 
and  are  consequently  less  resistant  to  mechanical  forces  than  quartz.  The 
major  portion  of  the  soil  is  composed  of  these  two  minerals. 

No  apatite  was  found  in  the  fraction  examined.  Obviously,  therefore,  the 
phosphoric  acid  in  this  soil  must  occur  accidentally  in  other  minerals,  or  has 
escaped  detection  as  apatite  in  the  clay  fractions. 

Although  zirconium  was  found  l)y  chemical  analysis,  zircon  was  not  found 
in  the  mineralogical  examination.  However,  Professor  Honess  believes  that 
zircon  exists  in  this  soil,  but  that  its  identity  is  masked  through  admixture 
with  other  species.  Moreover,  it  may  occur  in  the  amphiboles  and  pyroxenes 
which  are  the  same  chemically,  but  differ  in  their  optical  properties.  They 
have  the  general  formula  RSiOa  in  which  R  may  be  calcium,  manganese, 
magnesium,  zinc,  sodium,  lithium,  aluminum,  zirconium  or  titanium. 

Rutile  occurred  usually  in  small  needles  or  twinned  forms  and  in  some  cases 
enclosed  in  quartz. 

TourmaHne  was  found  as  an  accessory  in  the  silts  as  well  as  the  sands,  but 
in  very  small  quantities.  Chemical  examination,  however,  shows  that  a 
trace  of  boron  is  present. 

There  was  considerable  limonite  in  the  surface  fractions.  Professor  Honess 
estimates  that  about  two- thirds  of  the  accessory  species  in  the  very  fine  sand 
fraction  of  the  surface  soil  is  limonite,  which  according  to  Clarke  (11,  p.  532) 
may  contain  all  sorts  of  admixtures  of  other  substances  such  as  calcium, 
manganese,  potassium,  aluminum,  sodium,  phosphorus. 

The  mica  is  present  as  sericite  which  is  a  secondary  muscovite. 

It  is  interesting  to  note  that  orthoclase,  if  present  as  such,  must  be  in  very 
small  amounts  and  highly  kaolinized.  No  fresh  unaltered  samples  were  to  be 
seen  in  any  of  the  fractions.  The  potash  feldspars  yield  usually  potassium 
carbonate  on  decomposition.  On  this  matter.  Professor  Honess  has  written 
that,  "It  has  been  suggested  by  some  that  orthoclase  and  microcline, 
being  identical  in  chemical  composition  and  so  closely  related  in  physical 
and  optical  character,  are  one  and  the  same  species,  the  microcUne  character 
of  orthoclase  being  the  result  of  sub-microscopic  twinning.  This,  according 
to  Iddings,  produces  a  mono-symetric  arrangement  of  the  molecules  and 
orthoclase  is  then  characterized  by  polysymetry,  and  consequently  not  dif- 
ferent in  crystallization  from  microchne.  But  an  investigation  of  these  species 
as  found  in  soils  more  certainly  points  to  a  different  conclusion.  They  are 
both    abundant    in    the    soils    of    this    region,    or,  more  correctly  perhaps, 
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originated  here,  and,  although  the  microdine  has  survived  erosion  and 
decomposition  through  the  ages,  it  is  practically  left  untouched  as  an 
erosion  fragment,  although  occasionally  fragments  appear  shghtly  kaohnized. 
The  orthoclase  fragments  have  long  since  been  destroyed,  and  its  presence 
now  is  only  indicated  by  occasional  kaohnized  skeetal  cleavage  fragments  or 
its  alternative  equivalent." 

The  feldspars,  according  to  Professor  Honess,  are  mixed  feldspars  of  acid 
character,  or  albite  variety,  and  may  contain  sodium,  calcium  or  potash. 

Rutile,  zircon,  tourmaUne  apparently  have  little  or  no  plant  food  value. 

OCCURRENCE  OF   TITANIUM,  MANGANESE,  AND  THE  RARER  ELEMENTS  IN   PLANTS 

The  rarer  elements  are  more  widely  distributed  in  i)lants  than  is  commonly 
supposed  which  shows  that  soil  conditions  are  favorable  for  their  accumulation. 
Inasmuch,  moreover,  as  these  elements  are  present  as  relatively  insoluble 
compounds,  the  question  arises  as  to  why  and  how  such  relatively  large  amounts 
become  absorbed  and  assimilated  by  plants  and  as  to  how  these  elements 
affect  plants. 

Titanium.  According  to  Czapek  (18)  Aderholdt  found  titanium  in  plants  as  early  as 
1852,  Wait  (74)  found  it  in  oak,  apple  and  pear  woods,  apples,  cow  peas  and  cotton  seed 
meal-  and  Geilman  (35)  in  a  number  of  plants  including  apples  in  amount  equal  to  0.0004  per 
cent  of  the  air-dried  material.  Geilman  found  that  it  accumulated  by  preference  m  the 
assimilating  organs,  which  appears  to  confirm  Mosea's  work  (56)  that  titanic  acid  is  of  great 
physiological  importance  to  plants  because  it  acts  as  an  oxidizing  catalyst. 

Barium.    According  to  Watts  (76,  v.  1,  p.  500),  Scheele  was  the  first  to  mention  the 
occurrence  of  barium  in  1788  in  beech  trees.     It  was  found  by  Hornberger  (43)  also  in  beech 
trees      In  1875  Dworzak  (26)  found  0.089  per  cent  and  0.26  per  cent  of  barium  oxide  in  the 
stalk  and  ear  of  wheat  respectively,  that  had  grown  in  the  Nile  Valley.     Marsh,  Alsbcrg  and 
Black  (51)  give  the  results  of  a  number  of  determinations  of  barium  in  alfalfa,  barley,  millet 
and  beets  collected  from  various  parts  of  Colorado,  Wyoming  and  Arizona.     McHargue  (52) 
discussing  the  occurrence  of  barium  in  the  tobacco  plant  and  the  sycamore  tree,  concludes 
that  it  is  present  in  combination  with  organic  acids  and  that  since  it  is  contained  in  the  hve 
ceUs  of  the  higher  plants  it  may  function  in  metabolism.     Artis  and  Maxwell  (1)  report 
amounts  of  barium  in  the  leaves  of  tobacco,  dogwood,  cottonwood,  cherry  leaf,  black  locust, 
mulberry,  elm,  maple,  plum,  walnut,  pear,  linden,  and  box-elder  varying  from  0.00:)  per  cent 
BaO  in  the  cottonwood  to  1.07  per  cent  in  the  mulberry.     Headden  (39,  p.  10-17)  found  it 
in  alfalfa,  corn  leaves,  pea  vines  and  tobacco  grown  in  Colorada  in  amounts  varying  from 
0.02  to  0.2  per  cent  BaO.     The  writer  has  found  0.22  per  cent  BaO  in  alfalfa  grown  on  the 
Pennsylvania  State  College  Farm. 

Caesium.    Von  Lippman  (73)  found  caesium  in  the  ash  of  sugar  beets. 
Rubidium.  Pfeiffer  (57)  reported  rubidium  in  sugar  beets.     According  to  Watts  (76,  v.  5, 
p.  127),  it  has  also  been  found  in  coffee,  tea  and  cocoa. 

Vanadium,  chromium  and  molybdenum.  Demarcay  (24)  identified  these  elements  by  the 
spectroscope  in  the  ash  of  grapevines,  fir  and  poplar.  According  to  Robinson  (62,  p.  4),  von 
Lippman  found  vanadium  in  the  ash  of  grapevines,  sugar  beets  and  various  trees. 

Lithium.  Gaunersdorfer  (34)  and  later  Tschermak  (68)  found  lithium  in  a  number  of 
plants  and  Ileadden  (39,  p.  10-17)  found  it  in  loco  weed,  alfalfa  and  tobacco.  The  writer 
has  found  it  in  alfalfa  grown  on  the  Pennsylvania  State  College  Farm. 


Strontium.    Headden  (39,  p.  10-17)  found  notable  amounts  in  loco  weeds,  corn  leaves 
and  alfalfa.     The  writer  has  found  0.10  per  cent  SrO  in  alfalfa  grown  on  the  Pennsylvania 

State  College  Farm. 

Boron.     Jay  (45)  found  small  amounts  of  boric  acid  in  onions. 

Zirconium..  The  author  has  not  been  able  to  find  any  mention  in  the  hterature  of  the 
occurrence  of  zirconium  in  plants. 

Special  mention  must  be  made  of  the  work  of  Robinson  (63,  p.  9-17),  who 
has  carried  out  extensive  investigations,  by  methods  of  unquestionable  validity, 
on  the  relation  of  some  of  the  rarer  elements  in  soils  and  plants.  Plants  grown 
on  soils  in  which  the  rarer  elements  had  been  found  were  examined  with  the 
following  results: 

In  apples  lie  found  barium,  stronlium,  lithium,  rubidium  and  a  trace  of  titanium;  in 
beets,  chromium,  vanadium,  ])arium,  strontium,  lithium.  rul)i(lium  and  caesium;  in  alfalf;i, 
barium,  strontium,  lithium  and  rubidium;  in  beans,  litliiuni  and  rubidium;  in  (  ahbaue  ar.d 
bluegra'ss,  a  trace  of  chromium;  in  corn,  timothy  and  wheat,  titanium,  rubidium,  htroiitiuin, 
lithium  and  barium;  and  in  the  case  of  timothy,  chromium  and  caesium. 

He  concludes  that  lithium  is  present  in  traces  in  all  plants  examined  and  that  rubidium 
i?  pro'^pnt  in  the  majority  of  cases  in  amounts  ranging  from  a  trace  to  0.005  per  cent  of  the 
dried  material,  which  is  larger  than  the  amounts  present  of  the  other  rare  alkalies.  Caesium 
was  found  in  three  plants.  Chromium  was  found  in  amounts  ranging  from  a  trace  to  0.004 
per  cent  of  the  material.  Vanadium  was  found  in  traces  in  si.x  plants.  Barium  was  found 
in  all  cases  and  strontium  in  all  samples  except  bean  seed.  Molybdenum  was  not  found 
in  any  samples. 

It  is  of  interest  to  note  in  connection  with  Robinson's  work  that  where  the 
plant  contains  a  comparatively  large  amount  of  the  rare  alkalies  there  is  also 
an 'abnormal  amount  of  manganese  present. 

THE  EFFECT  OF  THE  RARER  ELEMENTS  ON  PL.\NTS 

Very  little  experimental  work  has  been  carried  out  on  the  physiological 
action  of  the  rarer  elements  on  plant  tissues. 

That  lithium  has  a  toxic  action  is  shown  by  the  work  of  Gaunersdorfer  (34),  Voelcker  (71, 
72),  Frerking  (31)  and  Ravenna  and  Zamorani  (60).  Voelcker  found  that  the  chloride  and 
iodide  applied  at  the  rate  of  2  cwt.  per  acre  tends  to  check  root  growth  in  the  case  of  bariey, 
wheat  and  corn;  in  some  cases  actually  destroying  a  proportion  of  the  plants  grown;  but 
they  found  that  the  application  of  the  oxide  at  the  same  rate  had  a  beneficial  effect  on  wheat 
and  bariey.  Frerking  found  the  poisonous  influence  of  lithium  more  pronounced  than  of 
magnesium  in  organisms  requiring  calcium,  but  not  to  calcium-free  algae  and  fungi.  \'cry 
Uttle  work  has  been  done  on  the  effect  of  caesium;  but  the  work  of  Lucanus  (50)  and  Voclker 
showed  that  its  salts  are  less  harmful  than  the  salts  of  lithium. 

McHargue  (53)  states  that,  although  it  has  been  known  for  more  than  a  century  that 
plants  are  able  to  extract  appreciable  amounts  of  relatively  insoluble  compounds  of  barium 
contained  in  soils,  Uttle  has  been  done  to  determine  whether  or  not  the  compounds  of  this 
element  have  any  specific  function  in  vegetable  economy.  He  showed  that  barium  com- 
pounds in  the  absence  of  calcium  carbonate  are  poisonous  to  plants;  but  barium  carbonate 
in  the  presence  of  calcium  carbonate  apparently  exerts  a  stimulating  influence. 

Haselhoff  (38)  found  that  strontium  had  no  injurious  action,  is  absorbed  by  plants,  and 
the  results  indicate  that  it  replaces  calcium  when  there  is  an  insufficient  supply  of  that  elc- 
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ment.  McHargue's  (53)  results,  however,  show  that  SrCO,  cannot  be  substituted  for 
CaCOs.  In  Loew's  (49)  experunents  on  algae,  strontium  salts  injuriously  affected  the 
chlorophyl  bodies  and  caused  loss  of  starch-making  power  and  finally  death.  The  physi- 
ological effect  of  rubidium  chloride  has  also  been  investigated  by  Loew  (48),  who  in  pot 
culture  experiments  with  Chinese  barley,  cabbage  and  spinach  found  that  there  was  a  stimu- 
lating action  in  amounts  not  exceeding  10  mgm.  per  50  kgm.  of  soil;  but  when  apphed  at  the 
rate  of  50  mgm.  per  50  kgm.  of  soil  the  stimulating  effect  was  not  so  great  except  in  the  case 
of  cabbage  as  when  small  quantities  were  used. 

Hebert  (40)  tested  the  effect  of  the  sulfates  of  chromium,  aluminum,  magnesium,  zircon- 
ium, thorium,  cerium,  lanthanum,  etc.,  on  germinated  seeds  of  peas,  wheat,  rape  and  the 
yeasts.  The  toxicity  of  the  different  compounds  varied  slightly  on  the  different  groups, 
but  in  general  occurred  in  the  following  diminishing  order:  Zirconium,  thorium,  aluminum, 
chromium,  cerium  and  magnesium.  With  regard  to  vanadium,  Ramirez  (cited  by  Robin- 
son, 63,  p.  9-17)  found  that  it  is  absorbed  and  stored  by  some  plants  and  causes  anomahes 
in  their  growth.  A  review  of  the  literature  of  the  presence  and  effect  of  boron  in  plants  is 
given  bv  Cook  (12)  and  Cook  and  Wilson  (13,  14).  It  would  apjH-ar  that  numerous  factors 
influence  the  absorption,  distribution  and  action  of  boron  on  plants.  There  is  evidence  to 
show  that  below  a  certain  dilution  boron  tends  to  produce  stronger  roots  and  shoots.  This 
stimulating  action  appears  to  be  due  to  the  increase  of  nitrates.  Large  amounts  are  known 
to  be  toxic  to  all  plants  with  the  exception  of  certain  fungi. 

A  fairly  complete  review  of  the  effect  of  manganese  is  given  by  uie trick  (25). 

Summarily  it  would  appear  that  each  ash  constituent  must  be  considered 
as  exerting  some  slight  influence  on  the  plant.  Though  plants  may  develop 
normally  in  a  nutrients  olution  without  a  given  element,  it  does  not  necessarily 
follow  that  this  element,  if  present,  might  not  exert  some  influence,  for  the 
absence  or  presence  of  any  particular  element  might  be  the  deciding  factor 
in  determining  whether  or  not  the  plant  reaches  full  development. 

Elements  like  titanium,  manganese,  barium,  boron,  strontium,  rubidiiim, 
etc.  may  act  as  catalyzers. 

SUMMARY 

This  introductory  paper  gives  an  account  of  the  preliminary  work  carried 
out  on  the  soil  used  in  an  intensive  apple  fertilizer  experiment  conducted  in 
steel  rims  as  an  Adams  Fund  Project.  At  the  present  time  it  is  desired  to  draw 
attention  to  the  following  main  facts. 

1.  The  rarer  elements  vanadium,  chromium,  molybdenum,  zirconium, 
rubidium,  caesium  and  hthium  have  been  isolated  and  identified  by  quaUtative 
and  quantitative  methods  of  indisputable  vahdity  from  a  residual  soil  remote 
from  metamorphic  rocks. 

2.  Positive  proof  is  presented  of  the  presence  of  barium  and  strontium,  which 
is  the  first  announcement  made  of  the  occurrence  of  these  elements  in  this 
phase  of  the  Hagerstown  series  of  soils.  The  results  for  BaO  are  beUeved  to 
be  accurate.  However,  as  will  be  seen,  the  results  for  SrO  are  approximate, 
for  complete  separation  from  calcium  was  not  obtained. 

3.  The  calcium  and  magnesium  are  derived  not  only  from  dolomite,  but 
a  considerable  portion  of  the  quantity  of  these  elements  present  are  contrib- 
uted by  the  siUcates   amphibole   and    chlorite    respectively.     Though   this 
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soil  is  formed  from  limestone  rocks  it  contains  no  CaCOa.     Moreover,  mag- 
nesium is  present  in  larger  amounts  than  calcium. 

4.  The  chief  source  of  potassium  in  this  soil  are  microcline  and  the  mixed 
feldspars  of  acid  variety,  on  the  availabiUty  of  which  contradictory  evidence 
has  been  obtained  by  different  experunenters.  Mica  is  present  only  as  an 
accessory.    The  orthoclase  has  practically  all  been  kaoHnized. 

5.  The  existence  of  iron  in  the  ferrous  condition,  notwithstanding  difficulties 
in  determining  the  absolute  amounts,  has  been  definitely  established. 

6.  The  greater  portion  of  the  sulfur  exists  either  in  the  free  state  or,  as  seems 
most  proba1)le,  in  organic  combination. 

7.  All  thrt'c  soil  layers  contain  only  a  trace  of  chlorine  (clTorides)  which  i^ 
most  certainly  remarkable  for  it  is  almost  invariably  present  in  soils  to  the 
extent  of  about  .01  ])er  cent. 

S.  Accurate  methods  for  the  determination  of  boron   and  fluorine  in  soils 

need  to  be  developed. 

9.  A  review  of  the  hterature  of  the  occurrence  of  the  rarer  elements  in 
plants  and  of  the  experimental  work  on  the  effect  of  some  of  them  is  given. 
The  question  is  raised— how  do  such  relatively  large  amounts  of  the  rarer 
elements  become  absorbed  and  assimilated  by  plants,  and  what  function,  if 
any,  do  they  possess? 

As  this  experiment  develops  it  is  planned  to  investigate  the  absorption  not 
only  of  the  main  plant  food  elements,  but  also  of  some  of  these  rarer  elements 
and  the  author  hopes  that  the  presentation  of  the  facts  in  this  paper  will 
stimulate  work  along  similar  lines  by  others.  It  is  fully  realized  that  a  new  set 
of  variables  is  presented  in  our  already  complex  soil  problems;  but  it  is  only 
by  a  correlation  of  all  variables  that  an  advance  will  be  made  in  our  knowledge 
of  these  formidable  biological  problems. 
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TllJ-:     I'.FFKCT    OF    TliF     SFKAV     FROCl^SS     OF     DRYING 
ON     TllF     X'lTAMlN     C     CONTl^NT     OF     MILK 

A      I'RKl.l  MINARV      Kld'OKT  ''' 

(;i-()R(iF  W.  CA\'AXAl'(iH,   B.S..  R.  ADAMS  DF  reHh:K,  15. S.,  M.S.,  M.A. 

A  X 1) 

JAMl'.S     S.     HAFL 

ITHACA,      \.      V. 

(  )n  armiint  of  tin-  ((niniclin.L;-  >tatcMiU'nt-  in  \\\v  lilcratiirt'  re^ardiiii^- 
tin-  xitainni  ('  '.oiiUMil  ni"  diaril  milk  ]  )rM(  luci -.  .and  •■-]Kaaal!y  in  \  icw 
(,f  drtmitc  -taliaiK'nl--  rci^ardmi;-  die  ffkaa  d  \\\v  -prav  prcct----  on 
viianiiti  ( '.  a  -penal  invc^ti^alioii  of  dii-  ])r()l»k'in  lia>  \k'v\\  mndncacd. 
Tlii-  in\c-n^a!n>n  \va>  started  m  Irl  iruary.  r>22.  llic  method 
consi^tcMJ  in  feeding;  voting  guinc'a-i)ii^>  a  standard  basal  diet  tree  tmin 
vitamin  C".  To  this  was  added  raw  iiciuid  milk  or  s])ray  ])r()ce>s 
l)()wdered  milk  in  varyini^  amounts,  these  milk  produets  heing  the  only 
source  of  vitamin  C  in  the  diet. 

The  milk,  both  liquid  and  powdered,  was  shii)i)e(l  by  express  daily 
from  the  Merrell-Soule  Powdered  Milk  k'actory  at  Perry,  N.  Y.     The 
milk,  both  raw  and  i)owdered,  which  was  used  in  this  exi)eriment  was 
taken    from   the  mixed   milk   of    175   dairies   representing   1.276  cows. 
The  raw  milk   for  feeding  wa>  drawn  each  day   from  a  large  vat.     in 
order  to  ])revent  souring  of  the  raw  milk,   it   was  cooled  and   shi])ped 
in    sterilized    vaciuim   bottles.      The   milk    in    the    vat    was    pasteurized 
under  conditions  known  to  be  favorable  to  the  preservation  of  vitamin  C" 
and   then    reduced    to   i)owder.      The   i)owdere(l    milk    for    feeding   was 
drawn  each  dav   from  this  ])owder  so  that  the  raw  milk  and  powdered 
milk  came  from  the  same  lot  of   fre>h  milk,      l^nless  this  ])recaution  is 
taken,   a    fair  comparison   between    raw   and   ])owdered   milk   cannot    be 
made,  as  the   \itamin   C"  content  of  ditYerent   lots  of    fresh  liquid  milk 
has  been  found  to  vary  considerably.     The  exiKM-iments  on  winter  milk 
were  kei)t  separate  from  those  on  suiumer  milk  on  account  of  a  siiuilar 
variation. 

This  (litTerence  between  summer  and  winter  milk  was  contirmeil 
b\  the  present  exi)eriment.  The  fact  indicates  that  no  reliable  con- 
clusions regarding  the  effect  (d"  drying  ])rocesses  on  the  vitaiuin  (  con- 
tent of  milk  can  be  drawn  unless  comi)arison  is  made  between  the  dried 
milk  and  fresh  raw  milk  taken  from  the  same  lot.  l^ailure  to  take  this 
])recaution  mav  probably  account  for  some  of  the  contradictory  reports 
])re\  iouslv  ])iiblishe(l. 

*'l"liis  invoti.uatidti  was  carried  on  at  tlir  \c\v  ^■"rk  Slate  0)llct..t-  of 
Aoriculturc  at  C"oriKdl  I'liivcr-ity  hy  (icoriic  W.  Cavanaui;h.  Professor  of 
Auricultiiral  Cluniistrv  of  roriudi  I'liivcrsity.  and  janu's  S.  Hall,  umlcr  the 
dirrction  and  advice  ni  Pn.f.  K.  Adams  DutcluT,  Head  of  the  Department  of 
("licniieal   Atirieultiire  of  the   Pennsylvania   State  College. 


PLAN     OF     EXPERIMENT 

The  guinea-pigs  were  arranged  in  groups  according  to  the  amount 
of  milk  fed,  with  eight  or  nine  animals  in  each  group.  Each  animal 
received,  daily,  the  basal  ration  plus  the  milk  to  be  tested,  some  groups 
receiving  raw  milk,  others  equivalent  amounts  of  the  powdered  milk. 
The  powdered  milk  was  redissolved  in  water  before  being  measured 
out  for  feeding,  thus  restoring  it  to  the  same  water  content  as  that  of 

the  raw  milk. 

C\areful  records  were  kept  for  each  animal  showing  dady  basal 
ration  intake,  ilailv  milk  intake  and  body  weiglit  ;  also,  date  of  devHop- 
nuMit  of  scurvy.  dat(>  of  recovery   from  sourvv  or  date  of  death,  wlicn 
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Curves    showing    average    growth    nf    guinea-pigs    in    the    six    experimental 
groups  and  in  control  group. 

these  events  occurred.  In  each  case  of  death,  a  necropsy  was  per- 
formed. This  part  of  the  experiment,  in  which  350  animals  were  used, 
extended  over  a  period  of  seven  months. 

A  careful  study  of  all  the  groups,  taking  into  account  length  ot 
life,  rapiditv  of  growth,  time  of  onset  of  scurvy  and  other  factors 
indicated  that  milk,  powdered  by  this  spray  drying  process,  was  not 
inferior  in  antiscorbic  properties  to  the  original  raw  milk.  In  otlier 
words,  the  result  did  not  show  any  evidence  of  the  destruction  ot 
vitamin  C  in  milk  powder  prepared  by  this  process. 

The  results  of  this  ])art  of  the  work  were  complicated  by  an  epidemic 
of  influenza  in  the  colony,  so  that  many  animals  had  to  be  eliminated. 
There  was  also  a  lack  of  uniformity  in  the  behavior  of  the  animals 
within  each  grotip.  owing  apparently  to  the  j'oor  ])hysical  condition  of 


manv  of  them  when  received.  These  animals  were  obtained  from  three 
or  four  different  breeders,  which  may  in  part  account  for  the  lack  of 
uniform  condition. 

The  experiment  was,  therefore,  repeated.  Special  precautions  were 
taken  to  obviate  the  foregoing  difficulties.  These  may  be  of  interest 
because  a  marked  improvement  in  the  uniformity  of  the  results  within 
each  group  and  a  consequent  decrease  in  the  experimental  error  were 

obtained. 

All    tlu'    guinea-])igs    for    the    rei)etitit)n    of    t!ie    investigation    were 


s()nrt"c.       ^'<llln<:    aniiiial-^    wvvv    rlio-^er 


■(  un 


u'sc   \<tini*^ 


(il)!anu-(l    troiii    tlie    --ainc 

iiiothtT^  that  had  been  kept  uiuUt  identical  coiuHtioiis. 
animals  had  received  the  >:uuv  food  since  liirtli.  !  lea.ltliv  guinea-pigs 
wci^hiiiL;-  from  2M)  to  2Xi)  gm.  wvvv  selfHlcd.  h'aili  oiic  was  ])laced  at 
the  caviar\'  in  an  individual  cage  with  some  green  tood.  '!  hey  were 
then  transi)orted  by  hand  to  Cornell  University,  reaching  their  desti- 
nation within  twelve  hours. 

There  these  guinea-pigs  we-ic  ktpL  iiudci  ubscivatiuii  tor  three 
weeks,  and  those  that  failed  to  grow  normally  were  discarded.  During 
this  preliminary  feeding  period  they  received  the  following  diet :  a  basal 
ration  consisting  of  60  per  cent,  of  ground  oats;  15  per  cent,  of  wheat 
bran;  15  per  cent,  of  ground  autoclaved  alfalfa;  5  per  cent,  of  casein; 
1  j)er  cent,  of  calciutn  carbonate  ;  1  per  cent,  of  sodium  chlorid,  and  3 
])er  cent,  of  butter  fat.  In  addition  to  this  basal  ration,  whole  milk  and 
green  grass  were  itd  ad  libitum. 

At  the  end  of  the  three  weeks'  observation  period,  the  animals  that 
showed  normal  growth  curves  were  divided  into  six  groups.  Each 
grouj)  consisted  of  ten  animals.  The  animals  in  each  group  received 
the  basal  ration  ad  libittim.  In  addition,  they  were  given  different 
amounts  of  raw  whole  milk  and  reconstituted  Klim  brand  Merrell- 
Soule  powdered  whole  milk  according  to  this  plan:  (Iroup  1,  20  c.c. 
of  raw  whole  milk;  (irouj)  2,  20  c.c.  of  reconstituted  milk  powder; 
(iroup  3,  v^O  c.c.  of  raw  whole  milk;  (innip  4.  30  c.c.  of  reconstituted 
milk  ])owder;  ( Irou])  5,  40  c.c.  of  raw  whole  milk,  and  (irouj)  6,  40  c.c. 
of  reconstituted  milk  ])owder. 

A  control  group  of  hve  animals  received  the  basal  ration  with 
water  ad  libitum.  Previotis  studies  on  the  antiscorbutic  ])roperties  of 
milk  have  shown  that  30  c.c.  is  about  the  minimum  amount  that  will 
l)rotect  guinea-pigs  from  scurvy.  For  this  reason,  levels  of  20,  30  and 
40  c.c.  of  milk  were  used  in  this  experiment. 

RESl'LTS 

December  26,  the  sixty-first  day  of  the  experiment,  the  results 
showed  that  the  average  number  of  days  for  the  onset  of  scurvy  in 
grou])s  fed  raw  and  jiowdered  milk  are  closely  com])aral)le. 


The  data  obtained  are  given  in  the  acconipanyincr  table. 

Only  five  guinea-pigs  of  (iroup  5  developed  scurvy,  four  of  which 
have  recovered.  Only  three  guinea-pigs  in  Group  6  developed  scurvy, 
all  of  which  have  recovered. 

For  this  reason,  no  average  time  of   onset  of   scurvy  is  given   tor 

these  groups.  ,        i         ^  ^-i 

It  was  noted  that  the  basal  ration  was  api)arently  adequate,  as  the 
animals  gained  weight  even  while  develo])ing  scurvy.  11iis  seems  t<. 
eliminate  amplication^  nnlv  t.u,  mmmnn  in  tim  type  m  expenment  m 
which  incomplete  <lict>  arc  ummI    t^r  basal  ratimis. 

The  present  i.art  of  this  experiment  is  imw  m  its  s,x1v-!irst  dav.  It 
will  be  c.nitimied  tnr  a  tntal  i-eriod  ni  at  lea^t  nmetv  <lays.  \  pre- 
li,n,nai-v  report  is  made  at  this  time  beeau-e  ibe  results  s.viii  lu  be  enm 
curdant  ami  to  contirm  the  earlier  and  more  extended  part  ol  the  work. 
A  study  of  the  groups  at  this  time  shows  that  the  control  grou]) 
.leveloned  scurw  more  quicklv  than  the  groups  fed  raw  or  powdered 
milk.   'Each  gnmp  fed  powdered  milk  did  at  least  as  well  as  the  gr..up 

Results  in   (h-oups  Fed  A'axe  and   I'oicdrrcd   -I/;//.-  


Avoragp 
W<MKtit  at 
l^eginniriK, 

Gil!. 

Control  Kioiip .,^^  n 

Group  1--J()c.c.  raw  milk \>J?- 

Group  •l--li)  c.c.  powd.-re.l  milk :^';  • ' 

(iroup  :i—M)  c.c.  raw  milk.. -ft , 

Group  4— :«>  c.c.  powdf^roit  milk ■/''•: 

(iroup  .-►—40  c.c.  raw  milk... ••^:' 

Group  (>— 4«>  c.c.  powdered  milk ^-  •'■ 


Average 

Maximum 

Weigtit. 

Gm. 

.SI  9 

m-i.-i 

376.1 
402.6 

;-i<>r>.2 

4.S4.0 
444.0 


Average  'I'ime 
Average    for  Onset  of 
Scurvy, 


Gain. 
Gm. 

2:', 
.')3.3 

83.0 

78.1 

1)5.6 

118.0 


Days 

14.8 
18.4 
•20.3 
21.1 
22.8 


receiving  an  ecpiivalent  amount  of  raw  milk.  So  far  as  we  can  judge 
from  data  obtained  from  these  experiments  with  guinea-i)igs.  there 
appears  to  be  no  destruction  of  the  antiscorbutic  properties  ot  milk 
when  it  i<  thus  powdered.  This  confirms  the  conclusions  drawn  tn.m 
cmr  first  experiment:  i.  e.,  that  milk  i^owdered  by  this  torm  of  spray 
process  i)ossesses  as  great  antiscorbutic  i)roperties  as  the  raw  milk  trom 
which  it  was  made. 

(•(iXCI.fSIOXS 

1  he  results  of  these  experiments  to  date  indicate  ([uite  clearly  that 
the  sprav  i)rocess  of  drying  milk  preserves  in  its  original  strength  the 
vitamin  C:  i.  e.,  the  antiscorbutic  properties  of  milk. 

The  exi)eriment  is  being  continued  to  determine  the  ettect  ot  aging 
en  the  vitamin  C  content  of  powdered  milk.  So  far.  results  indicate 
that  S'rav  i)rocess  powdered  milk  i)robably  retains  it>  anti>corbuf,. 
properties  for  manv  months.  Shcnikl  thi>  point  be  contirmed  by  the 
final  result.,  its  importance  will  be  ..bvious.  Summer  milk,  notably 
rich  in  vitamin  C".  could  be  powdered,  and  this  powder  could  be  use<l 
f(,r  infant  and  child  feeding  in  the  winter  months,  at  which  time  raw 
milk  is  notablv  deficient  in  this  vitamin. 


1(1 


FACTORS  INFLUENCING  THE  VITAMIN  CONTENT  OF  COWS  MILK. 

I,    Al)^MS  nricHK,!,  department  of  URTieultural  clien.istr.v,  I'enns.vlvania  State 
^-  ^'  College,  State  College,  l>a. 

Lunin  (1),  in  1881,  made  what  was  probably  the  first  suggestion 
tint  milk  contains  stibstanccs  olhoi-  tluiii   pvoUMns.   tats    cail.ohy- 
TLl  salts  an.l  water  which  are  indispe.isali  e  i(,r  nonna    nntntion 
This  statement  was  based  upon  the  fact  that  he  was  not  able  to  rear 
iver  mental  aninu.ls  Muvoisrully  on  a  ratio..  ro..ta.....,g  appa.vntlv 
.  a  n  .de  a.n.„...ts  of  protei.ts.  fats,  carbol.yd.ates   a..,l  salts      ^.nal 
:      iT,     ns  of   n„ll<.   howevc.  caused   these   aum.als  („_  ,i,.velnp     .     a 

;...■.  nnlU    1'..or..   when   Il-pkiu-    i  "i .    n;pM.-h..     'M  ,:,,    nn  annua 
,"     ve  upon  a  nuMniv  .f  pure  pr.,lc,n.   lal    ;n,.l  car  u, yd,  ale  an  I 
,     ,     whc,     Ihc   necc.^arv    ncrauic   ncU.nal    ,.   candully   suppled 

.    ni    cd    -till   can    imt    lloun.h.     The   an d   hndy    is   adjnslcd    to 

■:         .,;',pl-'>    t.-M,c.  .u-   ,„iu.r  auunal.,  and   ,hc..  cnn.a.u 
i  m.  le  s  substances  other  llu.u   p.-ole.us.  <  arhol,ydrales.  ;'-  ■; 

T  '))')  Stepn  Ci)  rciM.rted  that  bread  and  ...ilU  was  a  sal.sla,to.\ 
j!l^4':;.\.,,i^  Wl.e,..-houever.l.e  extracted  the  ....xture  w.th  alco- 
i!m  ami  ether  the  extracted  resid.ie  would  not  longer  H.ipi".n  gioulh. 

S it'ce  t  tin.e  experin.ental  data  have  accun...  ated  ....til  pract^^ 
can  all  .•  tion  a.lthorities  a.'e  ag.'eed  that  an  ....porta.,t  part  of 
ti  e  ...  t  i  ive  vah.e  of  n.illv  lies  in  the  a...o....t  of  the  vita.nins  A.  B, 

ul  (^  iVrese,.  at  the  ti.ne  that  the  .nilk  is  .ngested.  It  .s  .i.ow  be- 
t^J^pi,  ev.de..t  t,,at  ;^^ W;'"  ,[--■  •^^r  ^^^i-.^ihe;.": 

^eMhaTr<:,■i^ol;u..•;.^•on:•.-,.gtl.o^ 

loic,  inai  considerable  vaUie.     Hie  tactois 

':::^r:aT:^J:: V^r^'l  M  k..  <.)  ..eat  feat...e..t.  and  (.) 
oxidation.  .^ov-rrvT 

MlIJv  VAHIKS  IN  VITAMIN    CONTLN  T. 

In  10...  <)sb,n-,.e  a...l  Mctdel  <f,|,  l-J'i^f-i  J^t;:;wt':d.ln1e:i 
c,.hiece,.ti...e.ersotfresh>...l<won.      otH.m^ 

as  the  oi.ly  source  of  ^ '"'""'•,; '"•,,'    ,„t  „,•  ,nilU  was  inc.eased 
rats  .lid  not  grow  >>">''''^'''^  ''■'       'v    ,,u    Ztcl  .'r   («)    n.ade  sin.ilar 
to  IC,  chic  cent....ele.s.     Ken..ed>    ■"",/,,'.„,,■,  ,,,,te.s  of  ...ilk 

ohservati..ns.  with  the  except.ot.  ";•'/",';  .  ,  ,      '^  ,„■  observa- 
carried  s..m<Me..t  vita.......  H  for  ?V'"''  >,,.,„-., Iv  raised  the  q..es- 

tions  with  reference  to  v.ta...n.s  A  an     C.   .at     .<    .v  .ase  q^. 

tiot,  in  the  n.i..ds  of  n.a..y  >"^''^^'f-7'"  "„' t,.'    'H  e  variatio...  we.v 
the  variabilitv  i..  the  vit.....n  content  of  ....lU.      1 
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p.Hicuh.rly  sti-ikins  xvilh  r.-anl  to  the  i.ntisc.rlmUc  prcpcrtios  o 

c      Chick,  Hume,  i.n.l  Sk.hoti   (7),  t-.r  oxampk.    n-po>-to,l  thut 

85  cubic  cont.>..eto,-s(.h.ily)  of  ,nilk  were  necessary   lor  tlu.  |.rote,_. 

t  on  of  Kuinea  pigs  from  sc.rvy,  while  other  invest. f?ators  reported 

•cventmn  of  scurvy  in  ^Munea  pigs  with  amounts  <,f  nnik  varying 


Pl 

from  ryj  to  VM)  cubic  ceutiiuetors. 


THE  INFLUKNCE   OF   DIET. 


^'^ 


\  number  of  invest i<rators  noted  tbe  variiibihty  m  vitamin  potency 
of  cow's  milk  obtained  from  various  sources  and,  a  tliouob  experi- 
mental proof  was  lackin^^  it  seemed  probable  tbat  the  vitamin  con- 
ent  of  the  diet  mioht  be  an  induencino:  iactor.      Mnik  (S)  su-ested 
tiris  possibilitv  as  early   as   1914.     Previous  to   iMink  s  observation 
-\ndiVNV    m    had   reported   that   babies,   nursed   by    mo  hers   a}lhcto,! 
^vith  ben  ben.  alH.  became  alHicled  with  the(bse:.H'.     \f(  <.l  b.io  and 
his  c()U(.i'k(Ms   (1(»)    arrived  at   similar  concbismns  whdc  c.wKhict  in 
feediu--  exi)erimeuts  with   rats.     As  we    ill)    have   pointed  .nit   lu  , 
uivvurn-  l.aper.  the  evi.leiice  obtained   by  >b-(\.lhini.  with   rats.  w;b 
;„H    eonclus.ve  (bie  to  the   fact  tbat    be   wa<   unable  to  ^ny    will,  rer- 
taintv  that  the  nursiuL^  rats  did  not    <:row   becausi>  ot   the   vitamin 
deliciencv  of  the  mother's  milk,     lie  had  no  wav  ot  measurinn:  tlie 
milk  flow  of  the  mother  rats,  and  it  ^vas  possible  that  the  youn<r  were 
starved  due  to  decreased  milk  flow. 

In  An<nist,  1919,  Dutclier.  Pierson,  and  Blester   (P2)   announced 
that  thev'had  noted  a  seasonal  variation  in  the  antiscorbutic  potency 
of  milk;    A  similar  observation  was  made  simnltaneously  by  Barnes 
and  Hume  (13).    In  1920,  Hart,  Steenbock,  and  Kllis  (14)  described 
Experiments  in  which  milk  from  the  university  herd  was  compared 
wi  h  milk  obtained  from  cows  which  had  been  fed  for  a  number  o 
vears  on  air-dried  rou-hacres  and  ^a-ams.     Ihese  writers  found  that 
the  milk  from  the  latter  herd  was  much  inferior  m   antiscorbuic 
otencv  to  the  milk  obtained  from  the  university  herd.     Dunn-  tlie 
^     e  vear  Dutcher,  Eckles,  and  coworkers   (U),  described  experi- 
ments which  differed  from  the  Wisconsin  work  m  that  the  experi- 
ontal  milk  was  obtained  from  the  same  cows,  thereby  el.mina  in^ 
a!u  possibility  of  introducing  variations  due  to  d.tferences  in  mdivi- 

'^'ln\he  last-mentioned  study  two  cows  were  fed  a  vitamin-poor  ra- 
tion from  Januarv  IT,  1920,  nutil  June  1,  1920.  On  June  1  the  co  s 
'e  e  -iven  access  to  fresh  Dasture  -rass  and  ccmt.nued  on  the  e- 
e  imental  ration  until  October  1,  1920.  During  the  vitamin-poor 
nd  vitannn-ri(-h  periods,  groups  of  guinea  pigs  were  placed  on 
bal  ration  of  oats  and  varying  (piantities  of  the  experimen  a 
nu  After  feedin<x  a  relatively  hirge  number  of  guinea  pig 

the  ei<rht   months'   feeding   period    it   was   concluded  that   20   cu  i 
.  ntiim^ters  of  the  '' suminer  milk"  was  sui)erior  to  (,0  cubic  cen 
n  ete      of  the  ^  winter  milk.''     It  was  found  that  there  was  a  ten  ■ 
CUT  fo    the  milk  to  become  poor  slowly  when  the  diet  o f  the  <m^. 
was   deficient    in    vitamins,    while   the   nutritive    value   of   the   milk 

envne     elativelv    higli    almost    immediately    after    the    cows    ^^ 
aiver^i('(-ess  to  greeir  grass.     In   other   words,   it    would  seem   tha 
Mot le     XaTu  e  uses  this  method  to  protect  the  young  by  allowin 
he  m?rsm'  mother  to  dole  out  her  vitamins  sparingly  from  her  bo(h 


tissues  in  order  to  keep  the  milk  ade(piate.  On  the  other  hand,  the 
niTlk  becomes  vitamin-rich  rapidly  after  a  change  to  a  vitamin- rich 
diet  Simultaneouslv  with  the  last-mentioned  work,  Hess,  linger, 
and'  Su])plee  (15)  reported  similar  observations  regarding  milk 
Dowders  made  from  milk  obtained  from  cows  fed  in  a  similar  man- 
ner The  milk  powder,  obtainetl  when  the  cows  were  fed  a  vitamm- 
rich  ration,  was  superior  in  antiscorbutic  properties  to  milk  obtained 
from  the  same  cows  during  a  vitamin-poor  feeding  period. 

Previous  to  the  publication  of  the  last-mentumed  articles.  ( )sbonie 
and  ^lendel  (U))  had  announced  that  they  were  unable  to  lind  that 
smnmer  milk  was  superior  to  winter  milk  as  far  as  vitamin  B  was 
Concerned  This  can  be  exi)lained  on  the  basis  that  it  is  almos^  nn- 
Dossible,  under  ordinarv  conditions,  to  feed  dairy  cows  a  viHon 
that  i^  not  fairlv  rich  in  this  vitamin.  It  is  reasonable  to  expect 
,l,!,t  milk  could  "be  prodii.MMl  whifh  i^  ].ract  leally  devoid  ot  vi'.nim 
l'/p,nMdetl  ;.  ^iillifi.'nlU  {>n..i-  ralK.n  lu-  employed.  11  ii-lie-  !<  ,t  <•„. 
.,,ia  Cave  (IT)  reporletl  in  I'.^l  that  t  hev  were  un;.  Me  tn  tleM;,m- 
'  ,|,.,|    ,jn.    aiitiscoiliiitie    potenev    <  •  f    milU    eoiild    l)e    atU-teti    !  )y 

'luM    ;d(h<'.n-b    vitamin^    A    :.nd    W    were    prexMil    m    greater   .,iiaiitily 
xvl„>n  tlie  eou^  N\ere   te.  1  :,   Mlaiiiinrieli  r;.ti<m.  ,,(•..• 

li,  PH-^  Kennedv  and  Dulelier  (  \>>)  aniioiiiuvd  the  ivsiilt>  ot  ^i.ei^ 
^^(,rk  on  the  inlluence  of  .lie!  upon  the  (jiiamity  ol  yitamm^  A  and  > 
in   milk       It   was  concluded  that   the  amount   of   vitamins   A   and    1> 

V         ,11.      .    1    ,,<^  ..,w,,>  fl.(>  ,Iion>in  ('(Mitpnt  n\  the  (lairv 
111  millv  are  direct  i\  ui'iJt-iio»-iii  i.iM>n  c.a    ....> --  ;-    .■  .• . 

ration  and  that  stall-fed  cows  will   produce  a  vitamm-nch  mdl:  it 
fed  the  pro])er  combination  of  grams,  silage,  and  legume  hav. 

It  is  reasonable  to  believe  that  the  princii)les  established  m  the 
researches  iust  reviewed  will  apply  to  the  feeding  ot  all  lactating 
animals.  Medical  men  have  known  for  a  great  many  vears  that, 
other  things  being  e(iual.  hifants  thrive  be^t  when  the  diet  ol  the 
mother  i>  ade(piate  and  \  aried. 


THE    EFFECT    OF    HEAT    TIJEAIMENT. 

It  i^  imi.os>ible  in  a  i)aper  of  thi^  type  to  include  all  of  tbe  work 
tl.at  ha^  heel,  .lone  in  this  liehl.  The  >l)eaker  will  Ih>  piitiMietl  .1 
he  i<  iible  to  outline  the  -elieral  trend  of  events  and  mdicnte  -ome 
<,r  the  more  important   tentatiw  eoiiebiMon^  that   might   be  HraNMi. 

\searlv  a^^  l^l'l  liarlow  (  T.' )  was  convinced  that  -cooked  millv 
wa^  iid'erior  to  raw  milk  in  antiM-orbntic  potency.  \\  ithout  at- 
tcmptino-  to  review  the  literature  relating  to  the  clinical  observations 
made  bv  i)lu>icians  and  nutrition  workers,  it  will  sutlu'c  to  say  that 
mnnv  liract  it  ioners  contended  that  Pasteurized  and  ;' cooked  milk 
shoii'ld  be  avoided.  (bu>  to  the  fact  that  scurvy  invariably  develoi)e(l. 
Otlu'i-  aiithoritii's.  amonif  whom  tbe  name  ol  Laiu>-(  laypon  (20)  is 
prominent,  contended  that  the  nutritive  value  (d'  milk  is  not  injured 

bv  heat  inii.  ,    , 

"  Since  tiie  advent  of  th(>  vitamin  hvpothesis  conHderable  woiK  has 
been  done  with  the  vi.'w  of  determining  the  st:d)ility  ot  the  various 
viti.mins  to  h.'at.  IIe<s  and  Fish  (21)  stated  in  1911  that  heat 
^-lowlv  di'stroved  the  antiscoibut  ic  propeities  ol  milk,  but  thai  an 
intense  heat  for  a  short  period  -eemed  to  be  less  destructive  th;in  a 
lowei-  temperature  for  a  loni^'er  time,  liarnes  and  Hume  ( 2-_: !  re- 
])orted  that    about    half  (d'  tlie   antiH-orbut  ic  potency    was  lost   when 
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milk  was  heated  rapidly  to  the  boiling  point  over  a  gas  burner. 
M».t  ^feenbock  and  Smith  (23)  have  shown  that  the  antiscorbutic 
V  ta  nin  is  dS>ed  .^^"en  milk  is  heated  at  120°  C.  for  10  m.nute. 
'  Zs  EdTa  An'derson,  working  m  the  f.^^^!";^  .^^^.^'^'-y'^^^^ 
shown  that  Pasteurization  of  milk  m  closed  bottles  at  145  h .  toi  30 
min  tes  does  not  destroy  appreciable  amounts  of  vitamin  C.  >Vhe, 
S.^  Pasteurized  milk  was  fed  to  guinea  pigs  at  30  cubic  centimetct 
Wels  ,s  the  soui^e  of  vitamin  C,  there  was  little  if  any  difference 
between  the  an  mals  and  those  fed  an  equal  quantity  of  raw  mil  . 
This  a"'rees  with  the  observations  of  French  pediatntians  (24) 
ilo  report  the  feeding  of  thousands  of  babies  on  milk.  Pasteurized 

hi  bottres,  without  a  ^ngle  case  -l^^^^r-^ll^i^^^^^ 
ence  that,  as  a  rule,  30  cubic  centimeters  of  milU  will  piotect  -,W 
y  am  g ui  u>a  pigs  for  pori^nls  of  !)()  to  1;2()  days,  ,.rovKl,ng  the  mill 
t     "nsouablv   nch    in' vilamin   C.    .This   h.Mug   tin.   case     we   ha« 
adol^tcl   the   piaclicc,   in   our  cxpenmciitMl    work,  ol    >i-i"^   -"•  :'! 
.40  rul.ic   centimeters  of   rniik    in   our   .rurvv   stn,  ic- :   -JO   nil,, 
'.,    nu.tcrs  will  n,.l    |.ro.cct   fnr  Inng  pcno,!-.  xvhile     '    ''hIhc  cent, 
no      s  ,s  ample  if  ihc  mUk  is  lu-h  in  vilanun  V.     1     lias  Wn  ,.,,: 
xV.erK-nce  that  30  cubic  centimeters  of  milk  lypiVM.nts  the      thre.l, 
old''  0   antity  of  vitamin  C  for  scurvy   stiuhes      I'or  that  reasoi 
ve  have  1^     that  any  study  involving  the  ellert  of  heat  or  oxidatioi 
I         1  Ml"   -de  jr-0"'i°  of  nnimals  receivina  about  that  quantity  ol 
n'ilk    n  adit  o^'to'the  basal  ration.     Any.  slight  destruction  will 
make     self  evident  when  milk  is  fed  at  this  level.     AVe  have  also 
Tund  it  to  be  absolutely  necessary  that  control  animals  be  fed  ai 
the  same  time  on  equal  quantities  of  untreated  [|;"-  n^'"^-  ^j,,, 

While  the  antiscorbutic  vitamin  is  probably  the  most  susceptitin 
of  al    of  the  known  vitamins  to  heat,  nevertheless  it  would  appear 
that  the  ordinary  methods  of  yat  Pasteurization  ««  Practiced  in  tb 
.nnntrv  are  less  destruct  ve  than  has  been  thought.     \Ve  ha\e  led 
g    n  /pigs  Pasteurized  milk  that  was  made  by  the  1">1<  •"Sir* 
f  145°  F    for  30  minutes)   that  compared  quite  f ayorabl.v  with  thf 
same  iiiilk  before  treatment.     It  is  true  that  heat  has  a  destructiv. 
action  on  vitamin  C,  but  the  advantages  of  Pasteurization  more  th^ 
CO  nterba  ance  the  disadvantages  due  to  vitamin  des  ruction.     I 
slToud  to  remembered  that  milk  is  not  considered  a  vitam.n-C-ricl 
foo     and  lo!  that  reason  it  is  the  practice  of  P-?---, S>;--«J 
to  prescribe  orange  juice  or  toma  o  ,uice  for  »'"    '''-f,^^  ,  "V'"^\^i,,t 
this  connection  it  should  be  emphasized,  also    *''«  .,"^;"^  '^l"X 
in  preparing  the  modiiied  milk  used  in  infant  feeding.     Ihis  one. 
lowers  the  vitamin  potency  to  the  danger  point. 

While  we  are  discussinir  the  vitamin  content  of  milk  tioui 
standpoint  of  infant  feeding,  it  should  ''VT;;;;ns^To;  k  s  W 
iTcent  work  of  McC'ollum  and  coworkers  at  Johns  Hopkins  un 
SV  has  shown  .p.ite  conclusively  that  c,.d-l,v..  ..couainsv 
vitamins,  vitamin  A  and  an  ant  ira.-hitic  lactor.  It  has  bu  n  k  un 
for  some  time  that  rickets  is  most  lY""/''*'''*  '^''  '!„,;."  .^"1 
indicating   that   milk    is   n,>t   paitu.ilarl.v    ri.-b  '    ■,{      ■    'or,™ 

substance.    For  that  reason,  prominent  pe, liatntiaus  (f -)  •'      ^    " 
memiing  the  feeding  of  co.l-liver  oil  as  well  as  orange  .piice  to  bottle 

fed  normal  healthy  infants.  f  ,.;..,.,, in  * 

When  we  consider  the  questi.m  of  the  destnictioi.  of  ^     ;      '" 
in   which   milk   is  relatively    ri,-h.   we    liud   pra,-ti.'ally   1,0  data   cor 


.^Pi-nincr  the  destruction  of  this  vitamin  in  the  heating  of  milk, 
n^horne  and  Mendel  (26)  passed  live  steam  through  butterfat  for 
tvvo  and  one-half  hours.  Rats  grew  well  on  a  ration  con  aining  18 
Zv  cent  of  this  heated  butterfat.  These  authors  concluded  there- 
Cp  that  vitamin  A  was  stable  to  heat  at  the  temperature  of  steam. 
T  ^ter  Steenbock,  Boutwell,  and  Kent  (27)  showed  tlmt  butter 
1  ffnf 'lOO°  C  and  stirred  bv  a  stream  of  air  for  12  hours  would 
not  ptduce  good  growth.  In  1920,  Osborne  and  Mendel  (28) 
published  data  confirming  their  previous  work  It  soon  became 
evident  that  oxidation  was  playing  a  part  in  the  destruction  of 
vitamins  by  heat. 

OXIDATION. 

Tn  P)10  Zilva  (21)),  in  working  with  ultra-violet  rays,  noted  tlie 
J,^trii(Vi.'.!i   of   vitamin    A    in   butter   wlien    tlie   bntt.r    was   expn^M 

\,,,  ,,vs  tor  s.v.ral  hours.  H.  noted  llie  piv>tMitv  ot  o/om>.  ami 
f  ,r     .     ^xp.rnn.ntat.on    (:>n)    brought    to   light    t  u-    tact    that      h. 

oMr.ut.on  of  vitamin   A    was  .In.  to  oxidation       lie  al^)   was  ahi. 

\N..trov  thi-  vitamin  in  fotl-livrr  <»il.  allhoiigh  it  nMiuiivd  more 
.ev.rM.ratm.nt  due  to  llu'  high  conrH.t  rat  ion  of  ih.  vitamin  m  ro.l- 
'iiver  oil  In  r.)2(),  Hopkins  ( ;U  )  and  Drummond  and  (oward  (.>-) 
announced  the  destruction  of  vitamin  A  in  butterfat  by  atmospheric 

oxidation.  -r^..>   -^rl    Pn— u-1    'i'MMV'»t=on    ^^.'^^   puh- 

The  followinir  year  jjniiiiniona,  L^Owdia,  a^.u    y\  ..^. n    ,      ,    ^ 

lished  the  results  of  their  work  on  milk  and  butter  and  showed  that 
•0  ostium  was  richer  in  vitamin  A  than  the  later  milk.  They  re- 
port e'lTloss  of  vitamin  A  in  butter  manufacture,  due  in  all  prob- 
m1  litv  to  the  fact  that  a  portion  of  this  vitamin  is  in  the  milk 
serum.  Tliev  also  emphasized  the  importance  of  the  diet  of  the  cow 
with  recard  to  the  vitamin  content  of  the  butter. 

While  conclusive  evidence  is  lacking,  it  would  appear  that  there 
is  little  to  fear  in  the  Pasteurization  or  boiling  ot  milk,  so  tar  as 
vitamin  A  is  concerned,  for  the  vitamin  appears  to  be  stable  to  heat 
up  to  100°  C,  and  the  opportunity  for  excessive  oxidation  in  orai- 
narv  milk  treatment  is  not  great.  ,  n    i       •     *• 

There  is  little  evidence  that  ordinary  methods  of  Pasteurization 
or  boiling  have  a  destructive  action  on  vitamin  1$.  In  tact  it  won  (I 
appear  that  this  vitamin  is  relatively  stable  to  temperatures  up  to 
10(1°  0.  Daniels  and  Louglilin  (34)  have  shown  that  the  mi  ri  ne 
value  of  milk  is  impaired  by  heating,  but  that  the  loss  of  nu  ri  ne. 
value  is  due  to  the  loss  of  calcium  and  phosphorus  salts  rathei  than 
a  vitamin  destruction.  Mr.  J.  R.  Haag,  working  in  my  l:'l>''>''tor>, 
has  f,d  rats  a  diet  consisting  solely  o  raw  an<  I'^'Steurized  nilk, 
but  has  been  unable  to  find  that  the  milks  differed  in  nutritive  ^alue 

^rcCollum  oxidized  cod-liver  oil  by  bubbling  air  through  the  oil 
at  100°  C.  and  was  able  to  destroy  vitamin  A,  but  the  an  irac hi  ic 
fact.ir  was  unimpaired.    It  is  evident,  therefore,  tliat  the  antirachitic 
vitamin  is  stable  to  heat  and  oxidation.     Little  is  known,  howe^el 
at  the  present  time,  regarding  the  distribution  of  this  vitamin  in  otiiei 

foodstuffs.  ,     .  ,,  ,.        i,.,t;„ 

When   we  consider   tlu>   effect   of  oxidation   on   the   antiscoilmtic 
vitamin,  we  tind  that  wc  are  dealing  witli  a  Icss-^  stable  substance 
lless  (35)   showed  in  11I-20  that  milk  lost  some  of  its  antiscorbutic 
l.ropeities  when  shaken  with  air.     Miss  .Vudeison.  working  m  my 
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laboratory,  observed  (;K>)  that  vitamin  C  was  destroyed  when  nii Ik 
was  violently  agitated  in  an  open  dish  during  Pasteurization  while 
the  same  milk  Pasteurized  in  closed  bottles  eompared  iavoraby  with 
the  untreated  milk.  When  air  was  bubbled  througli  the  milk  dur- 
ino-  Pasteurization  some  destruction  occurred,  but  the  destruction 
wi7s  small  compared  to  tliat  obtained  when  oxygen  was  used  instead 
of  air  Oxygen  and  hydrogen  peroxide  destroyed  this  vitamin  at 
room  temprature,  although  the  d  struction  took  phu'C  more  rapidly 
on  heating.  When  milk  was  agitated  with  a  stream  ot  carbon  dioxide 
during  Pasteurization,  there  was  little  if  any  destruction  ot  vita- 

"'while  it  is  not  within  the  province  of  this  paper  to  discuss  the 
vitamin  content  of   ])owdered   milks,   it    is  of   interest    to   note  that! 
,„anv  of  the  commercial  milk  ])<)wders  ma(b  by  the  spray   ])rocess 
(;;;)■   have  been    found   tc  be   dchcicnt   in    vitanmi    (  .   whiU"   powdois 
uvmW  l.v  the  roller  process  M-en.  lu  he  H.nu'what  supt-n.-r  (->>). 

Kxiu'Viments   just    recentiv  tenumatiMl  at   (N.rnell   I  niver>ily   iiuli- 
,..U('  that  the  present  m -thods  ..f  making  sprnycl  wh..!.-  iiiilk  i.nw.lcr 
a',   now   in   .i<e   at    the    Perry,   N.    V..   plant    nf   the    Meiiell  -nule  Co., 
do  not   destroy  the  ant  iseorl)!!!  ic  potency  ol   tlu>  inilk.        '\  ^7"^\:  ^'•^■ 
pcriments  raw  whole  milk  and  milk  powder  were  shii)ped  daily  troni 
the  plant  to  the  university.     The  powder,  d  milk  was  nunh'  to  the 
sure  concentration  as  the' rnw  milk  bv  the  addition  ot  water,  and 
tiie'niilks  were   compared,  using  guinea  pigs  as   the   experimental 
animals.     The  results  show  no  ditl'erences  between  the  raw  and  the 
powdered  milks.    This  is  explained  by  the  fact  that  tlie  milk  is  con- 
dens  d  m  vacuum,  and  the  condensed  milk  is  i;asteurized  without 
aoitation  in  a  closed  container  in  the  absence  of  air.     I  his  miik  is 
ti7en  s])raved  at  an  enormous  pressure  into  a  -  hot  room,     and  the 
atomi/ed 'particles  are  dried  instantly  and  removed   ma  relative  y 
short  time.     It  would  appear,  therefore,  that   it    is  possible  to  make 
S)raved  milk  powder  without  destroying  vitamin  (,  and  that     he 
spraVing  operation  does  not  of  itself  destroy  this  vitamin,  provided 
the  process  is  ])roperly  regulated.  .,..,,  •<.-. 

\l  I  have  i/ointed  out  in  a  previous  article  (^1)).  "even  if  it  were 
proven,  eventuallv,  that  condensed  milks  and  milk  powders  were 
devoid  of  vitamin's-which  I  doubt-there  would  still  be  a  very  im- 
portant i)]ace  for  these  products  in  the  diet  when  supplemented  prop- 
erly by  other  foods.  It  would  be  just  as  inadvisable  to  make  sweeping 
conde'mnations  of  these  imi)ortant  commodit  les  as  to  condemn  white 
corn  as  a  food  because  it  appeared  to  be  somewhat  mierior  to  yelhrn 
corn  AVhat  we  should  try  to  dn  is  to  get  at  the  lacts,  prove  conclu- 
.IV  Iv  that  tiiev  are  facts,  and  then  take  steps  to  improve  methods 
of  manufactun"  and  to  sni)plenient  ()ur  deticnnt  foods  witli  tiiobe 
which  are  known  to  be  rich  in  vitamins."  r   r      i    n    4-     -n 

While  milk  is  the  most  valuable  single  article  of  lood  tliat  wc 
have,  let  us  lecognize  that  it  is  not,  as  many  would  try  to  inake  ll^ 
believe,  a  i)erfect  food.  In  spite  of  the  fact  thnt  1  have  pointed  out 
certain  deliciencies  that  mav  occur  in  milk,  let  us  not  torget  tha  am' 
should  do  all  in  onr  power  to  make  the  public  ai)preciate  that  theie 
is  no  food  that  can  take  the  place  of  milk,  and  that  increased  con- 
sumi)tion  of  milk.  snpplementiMl  with  other  loods.  should  he  en- 
couraged. 
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Vitamin  studies.     X.   Feeding  technique  in   vitamin  studies.- 

By  R.  ADAMS  DUTCHER  and  EMMA  FRANCIS. 

[From  the   Drpartmcuf  of  .Uirirulhu-af   rhmnstn,,   rnrn,!llvan.ia 

State  College,  State  College,  Pa.] 

The  work  descril)e(l  in  thi.s  paper  is  presented  wlih  the  vicvv 
of  re-emphasizin-  the   importance   of   the   use   of    false   screen 
bottomed  ca^es  in  vitamin   sttidies  when   rats  are  used  as   the 
experimental     animals.      Steenbock,     Sell     and     Nels(Mi      have 
pointed  out  that  rats  which   do  not  have  access   to   their  owii 
feces   require   a   larger   proportion    of   vitamm    B    m    the   basal 
ration  than  those  rats  which  inoest  variable  amounts  of  excre- 
tpry  material  daily.     In  our  studies  of  vitamm   P>   m   the  past 
(using   diets   deficient    in    this    vitamin),    we    have    often    l)een 
unable  to  account  for  the  lack  of  uniformity  in  the  development 
of  animals   from   the   same  litters   on   identical   diets.      In    tact 
certain  animals  grew  satisfactorily  for  many  weeks  c^i  a  vitamm 
B  deficient  ration.     In  watching  the  animals  over  relatively  long 
periods  it  was  observed  that  those  animals  whose  food  intakes 
and  growth  curves  were  most  satisfactory  were  m  the  habit  ot 
ingesting  relatively   large   amotmts   of   excretory   material;    tor 
example  we  have  noted  a  few  animals  which  would  consume  as 
many  as  15  to  20  pieces  of  feces  in  the  space  of  eight  or  ten 

hours.  ^ , 

In  order  to  study  the  matter  more  thoroughly  63  rats  were 
placed  on  experiment  in  indivi.lual  cages.  All  annuals  received 
a  basal  ration  consisting  of  casein  18,  salts  ^.  agar  2.  dextnn 
77  and  5  drops  of  cod  liver  (,il  daily^  _I"<line  u-as  furnished  m 

"•  I'ubli8hod".«l>ni;;;7Nr"(%"D;^p;^^;i^^  of  AKricultun,l  a,..,„istr.v,  I'ean- 

svlvania  State  College.  .,„     , 

■    iStoonhook,  II.,  Soil,  M.  T.,   nnd  .I..no,,  .T.    II.,  J-  Bu,l.   (hrm.,    1'..-.!,   K, 

3911. 


:,eii  of  tlu'  amoniit  of   f^od  eaten,  Imt  it 
accurate-    rccMiM    m!    l1ic    wci-lil    «  " 
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the  drinking  water.  \  number  of  the  animals  were  placed  in 
cacres  without  screens  while  the  remainder  were  distributed  m 
cages  containing  false  bottoms  made  of  galvanized  wire  screens 
(3  meshes  to  the  inch).  The  false  l)ottoms  were  constructed 
about  1  1/4  inches  al>ove  the  cage  pans  in  (^rder  that  the  par- 
ticles of  feces  would  fall  through  the  screens  to  the  pans  below 
where  the  rats  ccmld  not  reach  them.  As  indicated  m  the  chart, 
weekly  records  were  tal 
wa^    ini|)o^>ibk"    to    keep    an. 

iVcal  inatc-ial  inuvtr.l.  h.  orHcT.  l,..u.v.r,  thai  uo  ,n,..lit  inv. 
a  fairlv  (k-liinlc  i.lca  -f  tlic  lVcc<  itilakc.  ccrlain  ral~  wcr^-  |.laco,l 
,„,  scr.cn>,  ana  iVa-  fnnn  .Irfniitr  -.nra-  u.tc  \vA.  In  :.ynK 
cases  the  feces  were  collected  from  rats  wluch  were  on  ,l.ets 
rich  in  vitamin  B,  while  in  other  cases  feces  were  collected  trom 
rats  on  diets  containing  httle  (^r  none  of  this  accessory   fond 

substance.  ,  .        .     ," 

Some  of  the  animals  were  placed  on  screens  trom  the  start 
and  later  the  screens  were  removed  in  order  to  provide  ready - 
access  to  the  fecal  particles.     Other  rats  were  allowed  access  to  _ 
feces  from  the  start  and  later  the  screens  were  mtrodnced. 

In  order  to  conserve  space  we  have  chosen  a  few  of  the  most, 
striking  curves,  placing  them  in  a  single  chart  for  comparison. 
Certain  curves   were   chosen,   not  because   they   are   necessarily - 
representative,   but    rather   to   show   to    what   extremes   ammal_ 
experiments   may    go   when    seemingly    unimportant    details    in 

techni(|ue  are  neglected.  .         " 

The  curve  given  for  rat  302  is  representative  of  all  animals 
which  were  on  screens  without  access  to  feces  from  the  begin- - 
ning  of  the  experiment.     It  is  evident  that  there  is  little,  if  any,  _ 
vitamin  V,  in  the  basal  ratkm.     When  vitamin-rich   feces   from 
another  rat  were   fe<l  to  rat  m   (see  arrow)    the  response  in. 
food  intake  and  growth   was   imme.liate.     Although   rats  2J., 
293    296  and  299  received  the   same   ration  as   rat   3  >-.   it   is 
interesting  to  note  that  they  were  able  to  grow  at  a  fairly  sat- 
isfactory'rate   for   from  five  to  seven   months,   m   spite  of   the 
fact  that  the  ration  was  <leficient  in  vitamin  P..     When  screens 
were  introduced  in  the  cages  containing  rats  292  and  Z->i.  tlie 
fall  in  the  food  intake  and  body  weight  was  very  marke.l.     Un 
the   230th    (lav    vitamin-rich    feces,    f.btained    from    rats    on   a 
vitamin-rich  .liet,  were  placed  in  dishes  and  oflered  to  rats  ^M 
and  293.    The  increase  in  food  intake  and  body  weight  is  ample 
proof  that  the   feces  posses.sed  a  stimulatory  effect. 


Fhicdtn 


C,   Tl-.IIINIQIM-;    IN    Vll.VMI.N    SrUDUW 


The  curves  of  rats  299  and  301  tell  the  same  story  up  to  the 

fw  ere  the  screens   were   intrcxluced.     When   vitantm-neh 

K      :    e  fil  tHe  respoi.es  were  very  marked  while  the   re 

ers    was  true  when  vitamin-poor  feces  were  fed  (see  curve 

tW.  '99  and  301).  The  parallelism  between  food  intake  and 

•raise  i;b:ty  weight  is  interesting  and  emphasizes  the  neces- 


i.  »  - 
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sity  of  possessing  data  on  food  intake  of  individual  animals    Th^ 
in  our   opinion,   has   considerable   advantage   over     he      group 
feeding"  method  inasmuch  as  it  often  aids  in  the  mterpretation 
of  data     For  example  we  have  found  it  advisable  to  exclude  al 
animals  in  any  experimental  group  that  have  shown  sub-norma 
appetites  when  compared  with  their  litter  mates   receivmg  the 
same  ration.     This  would  1)e  impossible  if  the  feeding  was  con-  ^ 
ducted  with  several  animals  in  a  cage.  .       .     ,  I 

Curves   ^')'    i^^3    -^'^'^  'ii^'^l  ^^01  cnipha>ize  tlic  pomt  just  men- | 
tinned      Uats  mav  Ik^  reared  in  the  same  environment  and  on  the 
<ame   rations  and   vet   deport   themselves   dilTerently,   dependmt.^ 
u])on  the  amount   of    food   that   the   animal   normally   desirrs   tn 
ingest.      In  other  words,   they  will   grow   in   proportion   to   the  ^ 
natural  appetite  that  they  possess. 

\Vc  have  also  been  able  to  corroborate  the  finding  ot^  :^teen- 
bock  wVtli  reference  to  the  storage  of  vitamin  T^>.     It  is  quite 
evident  that  the  rat   is  able  to  store   sufficient   vitamin   m  the 
tissues  to  carry  the  animal  over  several  months,  provided  a  large 
proportion  of  the   feces  are  eaten.     In  other  words   it   would 
seem   that   the   stimulatory    substance   can   l)e    stored,    utilized, 
voided,  re-ingested,  and  the  cycle  continued   for  a  consideral>le 
time    indicating  that  the  demand   for  vitamin  B  is  urgent  but 
that  the  quantity  needed  is  not  large.     On  the  other  hand,  if 
rats  are  placed  on  screens   for  two  weeks  and  then  the  screen 
removed,   allowing  the   rat   to   commence    feces   eating   at   that 
point,  the  feces  seem  to  have  lost  their  stimulatory  properties. 
This  would  indicate  that  the  rat  does  not  possess  the  power  to 
store  the  vitamin  for  long  periods. 


conclusions. 

Rats  are  prone,  if  they  have  the  opportunity,  to  consume 
varying  quantities  of  excreta,  the  ingestion  of  which  seems  to 
keep  up  a  sufficient  supply  of  some  stimulatory  material  (prob- 
ably vitamin  B)  to  vitiate  certain  types  of  experimental  work. 
Just  how  serious  the  work  of  the  past  has  been  affected  it  is  dif- 
ficult to  tell.     Certainly  it  will  be  necessary   to   repeat  certain 

types  of  work. 

The  importance  of  food  intake  records  for  individual  animals 

has  l)een  emphasized. 

Evidence  is  cited  to  show  that  the  rat  is  limited  in  its  ability 

to  store  vitamin  B. 
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An  Inexpensive  Laboratory 

Mill" 

DesiLnie.1  for  the  Grinding  of  Dried  Fruits  an<l 

Similar  Materials  in  the  Presence 

of  a  Liquid 

By  R.  Adams  Butcher  and  John  F.  Laudig 
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,l,..icn  a  UKU-hin..  for  srin.linK  ra.Mn<.  anr,|  inni,  mn 
„,1,.,.   .i,n>l,-u-    v,M-..u-    n.al.Tml-  in   ll.r    pn-iM-    M 

.uear  content  of  tlio  pro,lm-t  tlicy  were  iHiymg,    Imt    the 
;Xs  believe  th..t  the  null  could  bo  u.ed  m  a  variety  o 
wavs  in  most  laljoratorios,  especiany  in  n,e  j.rcpa.a......    ■■ 

eolioidal  materials  and  m  the  grinding  of  '"-y  ;^|;";;;  "^  ; 
biological,  and  pluarmaceutical  materials.     ^ ''%'™' ^ ''^ '^°" 
.trueted  in  the  colh'ge  shops  at  a  cost  ot  about  $30.00. 

In  order  to  obtain  the  information  necessary  for  proper  y 
classifying  the  dried  fruit,  the  sugar  content  must  be  es  i 
n^ted'  «'rile  the  shipment  is  being  unloaded  ^^f^ 
which  requires   about   twenty  minutes.      ^  '«    ■™,*;"  '^^ 
scribed  in  this  paper  gives  fairly  accurate  results  on  the  diter 
mination  of  the  sugar  content  of  dried  ra.s.ns  in  a  very  short 
time,  even  in  the  hands  of  a  nontechnical  worker. 

Desig.n 
In  designing  the  null  shown  in  Figs.  1  to  4,  the   follow- 
ing conditions  had  to  be  met: 

,      Gummy  materials  had  to  he  ground  itt  \ll^;^^^'l^^;:!, 
vent  to  remove  the  sugars  as  rapuilv  as  possible  [^  "  [^^^^^^^ 

"-The  material  had  to  l)e  ground  to  a  very  tme  state  ol  sub 

cH^isirto  insure  complete  sohttton  of  the  -«-l|;-^-^-^^^,,  ,, 

:r-The  mill  had  to  be  so  constructed  that  no  material  eouKl  Dt 

lost  during  the  grinding  process.  nnicklv 

4 -It  was  also  essential  that  the  mill  be  easily  ami  quickly 

dismantled    and    reassembled. 

Fig     1  shows  a  cross  section  of  the  mill  as  finally   i)Uilt 
It  cmsists  primarily  of  two  steel  disks  4^  •,  inches  m  diame  e 
the  nppc^r  one  being  stationary  wliile  the  lower  one  is  rotated 

>  Presented    before   the    D.vis.on    of  Agricultural    -^.  f  ^'^  ^^;;^:;;;;^ 
at   the   66th     Meeting    of     the     American     Chemical     Socetv  .     M.l..u.k.c. 

''-'^::::^:::^:^n:^o.  no     .  of  the    nepa.ment  of  A.n..Uu.l 
Chemistry.   Pennsylvania  State  College. 

(I) 


at  a  speed  of  1200  to  2000  r.  p.  m.  according  to  conditions. 
In  eacli  difek  are  cut  several  channels  with  their  cutting 
edges  so  arranged  that  there  is  a  shearing  action  between  the 
disks.  The  channels  are  deep  (about  Vie  inch)  at  the  center 
and  practically  disappear  at  the  periphery.  The  surfaces  of 
the  disks  slant  downward  away  from  the  center  (at  an  angle 
,,f  about    5   degrees)    so    that  the  larger    iiarticles    will    be 
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I'l.;.  1— A  Ckoss  Section  of  thu   Milu   Showing    Disks, Adjcstin.-, 
Mechanism,  Rkceivinc;  Ci'ps,  and  Driving  Shaft 

drawn  down  by  gravity  and  pass  ])etw(>en  the  plates.     The 
lower  disk  is  connected  to  the  driving  motor  by  means  of  a 

'/4-in('h  leather  belt. 

The  receiving  cup  is  made  of  tin  and  is  oV  o  inches  in  diam- 
eter and  5  inches  high.  The  bottom  of  the  cup  is  conical 
and  made  so  that  it  fits  snugly  ovct  the  shaft  casing  below  but 
not  touching  the  lower  disk,  as  shown  in  Fig.  1.  The  ul- 
terior surface  of  the  cup  is  perfectly  smooth,  any  crevices 
being  filled  with  solder.  This  facilitates  cleaning.  The  re 
ceiving  cup  and  lower  disk  are  removable  and  the  upper  disk 

(2' 


is  held  in  place  by  a  hinged  crosspiece  on  the  frame  An 
adiu  ting  nut  at  the  top  of  the  stationary  disj.  permits 
Stion  of  the  distance  between  the  plates,  and  a  strong 
s^ral  spring  imparts  the  necessary  pressure  to  the 
grading  surfaces.  The  framework  is  constructed  of  wood  2 
fnches  thick,  except  for  the  hinged  member  carrying  the 
i^pper  di^^  which  is  IV.  inches  thick.     When    assembled    the 


p,,;    2--TH.:  Mii.i.  DISMANTLED  SiiowrNc.  Am.  Pakt-  I.:xci;pt  tiik 
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mill  and  frame  are  WU  inches  thick  and  25  inches  long. 
(Figs  2,  3,  and  4.)  The  upper  disk  is  screwed  on  to  a  piece 
of  1-inch  pipe,  which  provides  means  for  both  mounting  the 
disk  and  charging  the  mill. 

The  finely  ground  material  is  whirled  from  the  rotor  to  tlie 
receiving  cup,  from  which  it  can  be  drawn  off  through  the 
drain  pipe  to  a  beaker  or  flask.  If  the  particles  in  the  origi- 
nal material  are  large,  it  is  advisable  to  adjust  the  disks  some 
distance   apart   at   first   and   pass   the   suspension  through 


several  times,  bringing  the  dislcs  closer  together  after  each 
oass     By  this  treatment  a  very  fine  suspension  can  be  ob- 
tained in  a  surprisingly  short  time.    The  resultmg  suspension 
can  then  be  subjected  to  any  analytical  procedure  desired. 
Determination  of  Raisin  Sugars 
To  insure  uniform  sampling  and  facilitate  grinding  about 
200  grams  of  raisins  are  passed  through  an  ordmary  food  chop- 
per      V  50-gram  sample  of  the  ground  material  ^^J^spended 
n  about  200  cc.  of  boiling  water  and  passed  through  the 
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Percenf  Invert  Suqor 

Chart  1-Relation  op  Rekractwe  Index  to  Concentration  of  Re- 
DcciJ.  SuoAKS  IK  Raisin  Souvtions  Pkepakeo  bv  the  Couuo.d  MIM. 

null  as  many  times  as  necessary.      In   the   case  of  raisin> 
three  times  will  usually  sufhcc  ,     ,     .,, 

The  disks  and  receiving  cup  are  then  washed  with  successive 
additions  of  warm  water  while  the  mill  is  running,  until  ah 
materials  are  washed  into  the  receiving  beaker  or  flask.  1  lit 
suspension  and  washings  are  cooled  in  running  water  and 
made  up  to  500  cc.  volume  at  20°  C.  If  analyses  are  no  o 
1;  nuide  immediately,  four  or  hve  dn,»  of  toluene  should  b. 
addiHl  to  prevent  the  development  of  molds. 

(4i 


.       1       .  ..f  flu.  r-iisiu  susK-nsion  are  then  placed  between 
A  few  drops  ot  ^^^^^^^^^^,^^  ,,^  the  refractive  index 

')\rTl^l  n^ad      By  the  use  of  Chart  1  it  is  possible  to 
''  d  t^e  P    c^^^^^^  reducing  sugars  present  with  a  rea- 

Tonable  d^g^^^^^^      accuracy.     Deternunations  can  be  made  by 
this  method  in  less  than  20  minutes. 
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THE  COLORIMETRIC  DETERMINATION  OF  CARBOHYDRATES 

IN  PLANTS  BY  THE  PICRIC  ACID  REDUCTION  METHOD 
I.     THE  ESTIMATION  OF  REDUCING  SUGARS  AND  SUCROSE^ 

By  Walter  Thomas  and  R.  Adams  Dutcher 
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A  Study  of  the  estimation  of  sugars  in  the  complex  mixtures  in  plants 
was  eommeiice.l  bv  Hrowii  and  ^Morris/-'  followed  l)y  the  work  of  Parker^ 
and  the  more  complete  studies  of  the  Rothamsted  group. ^  These  workers 
have  tested  manv  points  of  procedure  of  the  analytical  details  m  the  cupric 
reduction  methods  and  it  is  apparent  that  the  dilT.culties  have  been  clearlv 
recognized.  Even  such  skilled  and  careful  workers  as  Brown  and  Morris 
considered  the  degree  of  accuracy  as  being  equivalent  to  1  mg.  of  the 
cupric  oxide  weighed,   corresponding  to  0.5  mg.   of  glucose. 

One  of  the  chief  objections  to  copper  reduction  methods  is  the  diiTiculty 
in  securing  absolute  uniformity  in  the  conditions  of  reduction,  which  is 
so  essential,  since  Nef-^  has  shown  that  a  number  of  products,  variable  in 
nature  and  quantity  with  the  concentration  of  the  sugar  solution  and  alkali 
are  formed  when  the  sugar  molecule  is  acted  upon  by  alkaline  Fehlmg 
solution.  The  main  sources  of  error  due  to  (a)  lack  of  temperature  control 
and  (b)  auto-oxidation  have  been  largely  overcome  by  Quisumbing  and 
Thomas ;«  notwithstanding  which,  considerable  difficulty  was  experienced 
in  our  Laboratories  in  applying  it  to  the  determination  of  small  quantities 
of  sugar  in  leaves  and  spurs  of  apple  trees,  in  connection  with  biochemical 
studies  relating  to  the  effect  of  fertilizers  on  the  physiological  functions  of 

the  apple. ^  ,     ,    /-n     ^       a\ 

A  combination  of  the  gravimetric  and  volumetric  methods  (Bertrand) 
is  quite  extensively  used  at  the  present  time  in  biochemical  laboratories. 
The  procedure  introduces  the  errors  of  both;  moreover,  it  is  not  generally 
recognized  that  the  standard  permanganate  solution  must  be  standardized 

1  Read  at  the  Milwaukee  meeting  of  the  American  Chemical  Society,  September, 

1923 

The  cost  of  this  investigation  has  largely  been  defrayed  by  a  grant  from  the  Adams 

Fund  for  Agricultural  Research. 

2  Brown  and  Morris,  /.  Chctn.  Soc,  63, 1)04  (1893). 
'  Parker,  Biochem.  J.,  6,  1  (1912). 

*  Davis  J  Agr.  Sci.,  5,  434  (1912  13).  Davis  and  Daish,  th^d.,  6,  lo2  (1914)^ 
Daish  t6/d..'6,  255  (1914).  Davis  and  Sawyer.  t7>ic/.,  6,  406  (1914).  Davis,  Daish  and 
Sawyer,  iMd.,  7,  255  (1915-10).  Davis  and  Sawyer,  ^b^d..  7,  352  (1915-16).  Davis, 
ibid..  7,737  (1915-16). 

6  Nef,  Ann.,  357,  214  (1907);  376,  1  (1910);  403,  204  (1914). 

6  Quisumbing  and  Thomas,  This  Journal,  43,  1503  (1921). 

'  Thomas.  Soil  Sci.,  15,  1  (1923). 
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against  the  cuprous  oxide  produced  by  a  known  quantity  of  pure  glucose 
and  not  against  oxalic  acid.  Results  obtained  in  our  Laboratories  indicate 
that  the  values  are  from  8  to  20%  too  low  when  oxalic  acid  is  used. 

Inasmuch  as  colorimetric  methods  for  the  determination  of  sugars  have 
been  used  with  a  high  degree  of  accuracy  in  the  sphere  of  animal  physio- 
logical chemistry,  the  present  paper  is  the  result  of  an  investigation  in  the 
application  of  Benedict  and  Osterberg's  method^  to  the  plants  used  in 
the  investigation  to  which  reference  has  been  made,  due  consideration 
being  given  to  the  limitations  set  by  them  and  to  the  findings  of  Falk  and 
Noyes.'' 

General  Considerations  as  to  the  Applicability  of  the  Method 

of  the  sugars  orcnrring  in  plant  >  uiuoniliiiRtl,  ghico>e,  fnu'tose,  sucrose 
and  possibly  the  j)ent()ses,  arabinose  and  xylose,  are  the  only  ones  which  are 
important  from  the  standpoint  of  the  plant  biochemist.  With  the  excep- 
tion of  sucrose,  these  have  a  reducing  action  on  Fehling's  copper  solution 
and  are  accordingly  classed  as  "reducing  sugars.''  The.se  same  sugars 
also  have  a  reducing  action  on  picric  acid  in  alkaline  solution,  reducing  it 
to  a  colored  substance,  presumably  picramic  acid. 

From  the  experimental  data  to  be  presented,  it  has  been  found  that 
sucrose  also  (up  to  0.1  M  concentration)  has  no  reducing  action  on 
Benedict  and  Osterberg's  picrate-picric  solution.  Experiments  were 
also  carried  out  on  the  quantitative  relation  between  the  cupric  and  picric 
reducing  values  of  each  of  these  sugars.  Inasmuch  as  these  values  do 
not  differ  very  greatly  for  the  respective  sugars,  we  should  expect  the 
values  obtained  by  the  cupric  and  picric  acid  reduction  methods  to  agree 
with  one  another  within  the  limits  of  experimental  error. 

It  was  from  a  consideration  of  these  facts  that  the  application  of  the 
colorimetric  method  was  first  investigated  through  the  use  of  lead  acetate 
with  the  view  of  simplifying  the  technique.  However,  as  will  be  shown, 
the  use  of  this  reagent  was  not  a  success. 

It  will  be  noticed  that  maltose  has  not  been  mentioned  here  as  being 
among  the  sugars  occurring  in  plants,  for  it  is  improbable  that  it  occurs 
except  as  a  laboratory  product  in  the  degradation  of  starch.  It  is  true 
that  Brown  and  Morris^  found  it  in  leaves  of  Tropoelum,  but  Davis 
and  vSawyer^*^  have  attributed  its  presence  to  the  failure  of  Brown  and 
Morris  to  inactivate  the  diastase  present,  owing  to  the  procedure  adopted. 
The  leaves  were  dried  at  50°.  Under  such  conditions  considerable  quanti- 
ties of  glucose  and  maltose  would  be  formed  and  the  latter  would  persist, 
owing  to  the  destruction  of  the  maltase  at  the  temperature  used. 

«  Benedict  and  Osterberg,  J.  Biol.  Chem.,  34,  195  (1918). 

•  Falk  and  Noyes.  ihid.,  52,  109  (1920). 

^°  Davis  and  Sawyer,  J.  Agr.  Sci.,  5,  454  (1912-13). 
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Following  the  method  of  MuUiken^'  and  also  that  of  vSherman  and 
WilUams^2  ^o  maltose  was  found  in  any  of  the  extracts  concerned  in  the 
present   investigation. 

Experimental  Part 

For  the  convenience  of  workers  who  may  desire  to  use  this  (H)l()rinietric 
method  the  preparation  of  the  reagents-  (a)  the  picrate  picric  solution 
as  developed  by  Benedict  and  Ostcrberg''  and  (b)  the  uiercnric  nitrate 
solution  used  by  them  is  given  liere. 

Preparation  of  the  Picrate-Picric  Solution 

Thirty  six  K-  "^  picric  aoid  uUud  at  i'ld  '  and  pnrilif.l  if  lUHTSsarv)^^  is  addni  to  .)U(: 
c-c  (A  a  ISo  soluLion  ol'  soiliuni  hydroxick'  in  a  liltr  tlask,  'this  i,  li,!l.i\s<d  hv  hin  re 
of  hot  water.     The  inixtiirc  is  ^liakrn   oceasii 'iiallv    uulil    the    pi'iic  acid    i-   ■ 


I 


.1  i!  \'t  il 


and  afterwards  cooled  and  (hhitcd  to  one  lihi. 

Preparation  of  the  Mercuric  Nitrate  Solution  Used  as  a  Clarifying  Agent 

A  more  dilute  solution  of  the  mercuric  nitrate  than  that  used  by  Benechct  and 

O,  1  .,.,.-1 ,1  A       ^„1..4;„.,     ,,r     110     -^       r^C     ..io^,-iit-w-    <>vi.1»>     M/Mcl     (rr'lflll'lllv      to 

80  cc.  of  coned,  nitric  acid  is  stirred,  then  heated  to  boiling,  and  cooled,  and  to  it  is 
added  30  cc.  of  a  5%  solution  of  sodium  hydroxide.  This  is  then  made  up  to  one  liter 
and  stored  in  the  dark. 

The  Standard  Glucose  Solution  | 

Benedict  and  Ostcrberg  describe  the  preparation  of  a  permanent  standard. ^^ 
However,  thus  far,  no  attempt  has  been  marie  in  the  course  of  this  investigation  to  prepare 
a  permanent  color  standard.  In  all  our  experiments  the  color  of  the  standard  and  un- 
known were  developed  under  exactly  the  same  conditions.  Although  for  low  concentra- 
tions of  sugars  a  standard  containing  0.01(5%  of  glucose,  which  was  used  in  the  pre- 
liminary experiments,  is  satisfactory;  for  general  work  a  standard  containing  0A)2'//c 
of  glucose  is  recommended.  _ 

The  Picrate-Picric  Reducing  Power  of  Fructose,  Arabinose  and  Xylose 

The  following  data  are  given  as  indicative  of  the  purity  of  the  sugars  employed. 
Glucose.— Bmtiiiu  of  Standards  product;   [a]fy,   +  52.70;  ash,  0.003 S^;  moisture, 

0.03%.  ■ 

5wcro5^.— Bureau  of  Standards  product;  [a]5§9.25.  0(5. 029;  ash,  0.003';;,;  moisture, 

0.003%.  ■ 

/'>Mt7o.ve.— Pfanstiehl  brand;   [af^,  --91. GO;  ash,  0.095^,; j  moisture  (after  drying 

under  reduced  pressure),  0.005%. 

/-/IraWwose.—Pfanstiehl  brand;  fal^^,  +104.5;  moisture,  0.10' e- 
/-Xyose.—Pfanstiehl  brand ;  [(x]^^,  +18.5;  moisture,  0.10%. 

The  picrate-picric  reducing  power,  by  which  is  meant  the  ratio  between 
the  amounts  of  glucose  and  the  respective  sugar,  rcfpiircd  to  reduce  equal 

11  Mulliken,  "Identification  of  Pure  Organic  Compounds,"  John  Wiley  and  Sons, 
1908,  Istcd.,  vol.  I,  p.  32. 

12  Sherman  and  Williams,  This  Journal,  28,  029  (1900). 

13  Ref.  S,  p.  198. 

1*  Folin  and  Doisy,  /.  Biol.  Chem.,  28,  349  (1910). 
16  Ref.  8.  p.  200. 
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amounts  of  picric  to  picramic  acid,  was  determined  by  comparing,  in  a 
a  series  of  experiments,  the  color  values  developed  under  the  same  condi- 
tions, of  equal  concentrations  of  the  standard  glucose  and  the  sugar,  the 
reducing  power  of  which  is  to  be  obtained.  Table  I  gives  the  comparison 
of  the  cupric  and  picrate  picric  reducing  powers. 

Tabmv  I 

CoMr.AKISON    OK    THlv    PlCRATlC -PlCR  IC    AND    Cui'RIC    RKDUCINC    PuWI'RS    OK    TIlH 

PrINCIPAI^    SlK^ARS    OF    Pl.ANTS 

Materia!  (Uui'ose  hVnetose       /  Arabinosi-        /Xylose  Sucrose 

V\cr,U\muc  1    (Hi  0.9U  !    HI  1  OS  0.00 

Cupnc  i.OU  .91  i.'H)  1.01  .00 

Cdiu-osf,  fiiH'losr  \\\u\  -.luinsc  an  tlu  '-ni;;irs  tliat  <KH-i!r  in  ];ir'..^i"st  amounts 
Ml  ])laiit-.  AlllauiL'h  tlu-  ratio  of  \\\v  ])i(  rate  \ncr\v  redmin-  j)(.wer  to  the 
cupric  rcdncin-  j)o\v,r  is ',)',':'.*! ,  it  i^  inijHol  );iMe  that  tlif  ratio  of  ^Incosc 
to  fructose  in  the  plant  will  ])c  less  than  unity,  for  from  the  work  of  Davis'^ 
it  seems  justifiable  to  assume  that  glucose  and  fructose  exist  in  the  leaves 
oori  cfoU'c  r.f  T^I'.uiK  n^  iti\'frt  ^wir-Av  ruid  that  thev  travel  to  the  root  in  nearlv 
equal  proportions  (depending  tqion  the  consumption  in  respiratory  proc- 
esses as  functions  of  growth  and  new  tissue  formation).  For  this  reason 
we  would  expect  the  results  obtained  by  the  two  methods  to  agree  closely. 

The  Failure  of  Lead  Acetate  as  a  Clarifying  Agent 

The  use  of  tliis  reagent  for  the  removal  of  proteins,  gums,  etc.,  resulted 
in  higher  values  for  reducing  sugars  by  the  colorimetric  than  by  the  gravi- 
metric method.  The  disparity,  which  was  far  greater  than  wotild  be 
accoimted  for  by  any  dilTerences  in  the  cupric  and  picric  reducing  values 
of  the  sugars  present,  was  defmitely  established  as  being  due  to  the  pres- 
ence of  acid-hydrolyzable  material  (not  of  pentosan  natuie),^'  w^hich  the 
lead  acetate  had  not  precipitated.  An  attempt  was  made  to  determine 
the  nature  of  this  material  ])y  treating  2()U  g.  of  leaves  according  to  the 
method  of  Schul/e  and  Winterstein.^^  After  the  decomposition  of  the 
mercuric  nitrate  ])recipitate,  hltration  and  evaporation  of  the  filtrate  under 
reduced  pressure,  a  thick,  dark  brown,  viscous  material  was  obtained, 
which  thus  far  has  resisted  all  attempts  at  crystallization.  It  showed  a 
marked  diflerence  in  the  cupric  and  picrate-picric  reducing  values,  the  latter 
being  considerably  greater  than  the  former.  Resort  was  then  made  to 
Benedict  and  Osterberg's  mercuric  nitrate  solution  to  precipitate  interfer- 
ing materials,   with   very  satisfactory   results. 

'«  Davis.  J.  Agr.  .SV  /.,  7,  -.Vll  (1910). 

'^  A  determination  of  pmtosaiis  gave  only  O.OOLT)  g.  in  nO  ee.  of  the  original  alcoholic 
solution,  efiuivalml  toO  (IS  nig.  in  10  ee.  of  tlie  deleaded  solution  used  in  the  colorimetric 
determination. 

'"  Schnl/e  and  Winterstein,  Ahdcrhalden,  "Ilandhueh  der  Bioehcm.  Arhcits- 
methodcn/'  1910,  vol.  2,  pp.  oil)  aL'l. 
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Preparation  of  the  Plant  Extracts 

A  representative  sample  (about  50  g.)  of  the  plant  parts  is  plunged  into  95%  boiling 
alcohol  previously  redistilled  over  potassium  hydroxide  to  remove  acids  and  aldehydes, 
to  which  has  been  added  0.2  g.  of  calcium  carbonate  to  prevent  any  hydro  yzmg  action 
bv  native  acids.  Allowing  for  the  moisture  present  in  the  plant  parts,  the  alcohol  should 
be  brought  to  a  concentration  of  70  to  75%  by  the  addition  of  water,  if  necessary. 
The  material  can  remain  under  alcohol  for  any  length  of  time  that  may  be  convenient  to 
the  investigator,  when,  after  being  filtered  and  washed  with  75%  alcohol,  it  is  dried  m  an 
oven  at  70°,  and  then  pulverized  in  a  suitable  milPHo  pass  an  80-mesh  sieve. 

The  complete  removal  of  the  sugars  is  effected  by  extracting  the  powdered  plant  in 
a  Soxhlet  apparatus  by  using  the  alcoholic  filtrate  until  the  percolate  is  colorless.^o  The 
extract  is  then  transferred  to  a  250cc.  or  500cc.  volumetric  flask,  according  to  the  quan- 
tity of  sugars  present.  The  concentration  of  sugars  in  this  extract  should  preferably  be 
from  0.1  to  1.0%.     The  starch  and  other  polysaccharides  remain  in  the  residue. 

The  Estimation  of  Reducing  Sugars  i 

A  20cc  to  lOOcc.  aliquot  portion  containing  from  0.025  to  0. 1 50  g.  of  sugars  is  evapo- 
rated at  a  low  temperature  to  remove  the  alcohol,  the  residue  is  dissolved  with  water 
and  washed  into  a  400cc.  beaker  with  100  cc.  of  water.  A  slight  excess  of  mercuric 
nitrate  solution,  of  which  10  cc.  was  sufficient  in  our  experiments,  is  added  to  the  sol^ution. 
Then  as  directed  by  Benedict  and  Usterberg,  small  quantities  of  solid  solium  bicarbonate 
are  added  gradually  and  the  liquid  stirred  after  each  addition,  until  all  frothing  ceases. 
At  this  stage  the  bicarbonate  is  added  carefully  until  the  solution  is  alkaline  to  litmus. 
It  is  important  to  avoid  any  very  large  excess  of  sodium  bicarbonate  because  of  the 
subsequent  treatment.  This  solution  is  then  rapidly  filtered  into  a  250cc.  flask,  the  pre- 
cipitate  washed  with  a  little  5%  sodium  bicarbonate  solution,  the  solution  and  wash 
liquid  are  made  up  to  the  mark  with  water  and  shaken.  ^     ,  ^  u       -.t. 

The  concentration  of  this  solution  with  respect  to  the  sugars  present  should  be  with- 
in the  limits  0  01  to  0.07%.     From  30  cc.  to  50  cc.  of  this  solution  is  transferred  to  a 
75cc   test-tube  and  0.3  to  0.5  g.  of  zinc  dust  added.     One  drop  of  coned,  hydrochloric 
acid  is  then  added  to  reduce  the  small  amount  of  mercury  present  m  the  solution,  re- 
sulting from  the  solubility  of  the  basic  carbonate  formed.     Care  must  be  taken  in  this 
treatment  that  sufficient  sodium  bicarbonate  is  present  to  prevent  the  solution  becoming 
acid  after  the  addition  of  the  hydrochloric  acid,  as  otherwise  zinc  carbonate  will  be  pre- 
cipitated in  the  subsequent  treatment.     The  tube  is  then  stoppered  loosely  and  shaken 
after  which  it  is  allowed  to  stand  for  15  minutes  and  the  contents  finally  filtered  through 
a  hardened  filter  paper.      From  5  cc.  to  10  cc.  of  the  filtrate,  tested  with  ammonium 
sulfide  to  ascertain  whether  all  traces  of  mercury  have  been  removed,  is  pipetted  into  a 
50cc  Pyrex  test-tube  and  10  cc.  of  the  picrate-picric  solution  is  then  added,  followed  by  - 
cc  of  a  25%  solution  of  sodium  carbonate.     When  less  than  10  cc.  of  the  sugar  solution 
has  been  used,  water  equal  to  the  deficiency  is  added,  making  the  total  volume  of  the 
solution  22  cc.     A  standard  color  solution  is  simultaneously  prepared,  using  10  cc.  ot 
standard  glucose  solution.  10  cc.  of  the  picrate-picric  solution  and  2  cc.  of  25%  sodium 
carbonate  solution.      The  tubes  are  then  plugged  with  cotton  and  immersed  for  2U 
minutes  in  a  water-bath  maintained  at  95^  at  the  expiration  of  this  time  the  tubes 
are  removed  and  cooled  to  room  temperature.     The  standard  is  diluted  to  35  cc,  or  .(} 
cc,  according  to  the  quantity  of  sugar  in  the  unknown,  which  is  also  suitably  diluted, 
i»  In  our  Laboratories  the  plants  are  first  ground  in  a  Seek  mill  and  finally  in  a 
horizontal  plate  mill  made  by  H.  Drecfs,  Halle,  Germany. 

20  In  our  experiments  no  trace  of  any  sugars  was  detected  after  the  percolates  be- 
came colorless. 
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nd  the  color  comparison  made  in  any  of  the  standard  colorimeters  according  to  the 
individual  operator's  preference. 

As  Benedict  and  Osterberg  point  out,  it  is  absolutely  essential  to  remove 
all  traces  of  mercury,  for  apparently  mercuric  salts  possess  a  reducing  action 
on  sugar  solutions.^^ 

A  comparison  of  results  obtained  on  apple  tissues  by  the  method  outlined 
above  with  those  of  the  cupric  reduction  method  of  Quisumbing  and 
Thomas^  from  reducing  values  determined  on  smaller  quantities  of  glucose 
(1  to  10  mg.)  than  given  in  the  reducing  tables  of  these  investigators,  is 
shown  in  Table  II.  It  will  be  seen  that  more  uniform  and  consistent  re 
suits  can  l)e  oljtaincd  and  in  much  less  linit'  by  tliih  colorimetric  method. 

TAiii.K  ir 
I{xPKRiMKNTS  v'^Howixc;  Ti!i:  Comparison'  of  Ricsn/rs  OnTAiM'i)  n.\  Plant  T!ssui:s 

IIV  TIlU  CiKAVlMUTKie  AM)  C(  dj  )K  IM  ICTK  IC   MiCTHoDS 


Material 


Leaves 


Date 
March 

« 

10 
1.3 
15 

15 
15 
15 

18 
18 

The  method  was  further  tested  by  adding  various  known  amounts  of 
glucose  and  fructose  to  plant  extracts  of  known  sugar  content. 
Table  III  shows  the  recoveries  obtained. 

Table  III 

KXPERIMKNTS,  USINC.  THE  Coi.ORIMETRIC  METHOD,  ON  THE  RECOVERY  OF  GlUCOSE  A  ND 

Fructose  Added  to  Plant  Materials 


C.rav  inutric 
Ik'.  of  k'ucosc 
in  rA)  cc.  of 
solution 

C  (ilorinu't  rir 

Mi;,  of  glucose 

in  .")()  cc.  of 

solution 

•?1  4 

9,7  7 

28.9 

28.0 

30.4 

28.2 

29.0 

27.9 

28.1 

27.6 

20.2 

20.6 

20.0 

20.6 

19.0 

20.7 

19.6 

20.7 

Mk.  of 

reducing: 

Material 

Mk.  of 

f^lucose 

added 

Mk.  of 

fructose 

added 

suK^trs 

present 

in  ")()  cc. 

of  solution 

Total 
found 

Recovered 

Mk'. 

Calcd. 
Mg. 

% 

Spurs 

10 

none 

31.8 

41.7 

9.9 

10 

99.00 

none 

10 

31.8 

41.8 

10.0 

10 

100.00 

20 

none 

31.8 

51.9 

20.1 

20 

100.50 

none 

20 

31.8 

51  .0 

19.8 

20 

99.00 

10 

10 

31  .8 

51  ,8 

20  0 

20 

100.00 

heaves 

15 

none 

20  5 

35,6 

15.2 

15 

101 .33 

ncMie 

15 

20.5 

35  4 

14  9 

15 

99.33 

10 

10 

20.5 

55.5 

19.8 

20 

99.00 

■^  Knapp,  Z.  anal.  Chcm.,  9,  395  (1870). 
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The  Estimation  of  Sucrose  | 

It  has  been  pomted  out  (p.  1663)  that  sucrose  up  to  O.l  M  coiuciitration 
was  found  to  have  no  picrate-picric  color  value.  ■ 

The  experiments  were  conducted  by  (1)  a  direct  comparison  of  sucrose 
solutions  of  various  concentrations  with  the  standard,  the  colors  of  which 
were  developed  under  the  same  conditions,  and  (2)  a  comparison  of  the 
colors  developed,  likewise  under  the  same  conditions,  of  known  amounts 
of  sucrose  added  to  the  standard  solution  with  a  standard  solution  of  the 
same  concentration  with  respect  to  glucose.  The  results  of  a  series  of 
experiments  indicated  that  the  mkto c  -»v(-  tir.  <-(>1(.r  v:ihu-  t-.p  In  0.1   M 

conceiitnition. 

liiaMHUch,  therefore,  as  the  proihiets  ,.f  liv»lrol\M^  -'f  Mirm^  ;iie  e.iiiiyu 
lent  anioiints  of  j^Uu-ose  and  fnietosc.  it  should  he  possible  tn  dderniiiR 
accurately  the  cpianlity  of  sucrose  ])reseiit  in  sohition  ii(»t  exeeediiiu  'M  M 
concentration  by  determining^  the  increase  in  color  obtained  after  ni\  ersion. 

In    order    to    test    this,  experiments    were    carried    out    by    hydrolyz- 


1  ti  >  •<  -rcK  >ti    -' 


mg  pure  sucrose  soiulions  muiei  Ihe  Ikrzii.i(i 
which  consists  hi  adding  slowly  o  cc.  of  hydrochloric  acid  (d.,  l.SSS),  in 
a  5Ucc.  sugar  flask  containing  a  thermometer,  in  a  water  bath  heated  to 
about  72-78°.  The  heating  is  adjusted  .so  that  the  solution  in  the  flask 
reaches  69°  in  three  minutes.  This  temperature  is  then  maintained  for 
seven  minutes  longer.  The  solution  is  then  remoxed  and  cooled  to  room 
temperature  and  neutralized  with  sodium  hydroxide  sohition. 
Table  IV  gives  the  results  obtained. 

Tablk  IV 

RliCUVI-RY  UF  SuCROSli  SoLUTloN  HV  THIv  Ct.I.ORIMI-TKIC  MUTH(»I) 

Calcd.,  3:3.7  mg.  in  .')()  cc.  of  solution 

Found,  mg.  in  50  cc.  of  soln -3.0     33.1     ;>3.1       33  7     33  0       33  7 

.-,                     r-                                                                         '17   ')      MS  2      00    I       HID   0      '.".t.7       0)0  (I 
Recovery,  ,0 '' •-'     -'^-^ 

It  is  of  interest  to  note  that  the  results  obtained  are  not  due  lo  anv  com 
pensating  factors,  such  as,  for  instance,  the  sodium  cidoride  formed  bv  tin 
neutrahzation  of  the  hydrochloric  acid,  since  in  parallel  blank  exi)criineiits 
using  the  same  quantities  of  hydrochloric  acid  and  sodium  hydroxide  no 
color  value  due  to  the  presence  of  sodium  chloride  formed  was  found  in 
these  experiments.  This  i)oint  is  emphasized  here  because  of  the  ai)par- 
ently  contradictory  results  obtained  by  different  workers.  Thus,  though 
(Jkey2^  found  a  retardation  in  the  rate  of  ])i-oduction  of  the  colored  sub- 
stance, there  appears  to  be  no  indication  that  there  was  an\  error  ni  the 
color  value  as  finally  determined,  due  to  the  presence  of  sodium  chloride. 

22  Herzfeld,  Z.  Ver.  dent.  Zuckcrind,  38,  099  (1888). 

23  Rose,  /.  Biol.  Chem..  46,  529  (1921),  has  described  a  method  of  inversion  by 
picric  acid. 

2<Okey,  t7>n/.,38,  33J1919). 
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Denise  and  Rose-'  found  an  error  of  17%  for  solutions  containing  molar 
concentrations  of  sodium  chloride,  but  whether  they  found  an  increase 
or  decrease  in  the  color  value  has  not  been  nuuU-  clear. 

There  is,  however,  no  destriK  tion  of  glucose  l)y  the  hydrochloric  acid 
under  the  conditions  of  inversion  a(lo])ted.  One  of  us  (W.  T.)  will  .show, 
in  the  following  paper,  that  some  glucose  can  be  destroyed  under  certain 
eonditions,  such  as  when  a  solution  eont;nning  ghuose  is  boiled  with  even  a 
low  concentration  of  hydroehlorie  acid,  as  in  the  secondary  hydrolysis  of 

starch  conxcrsiou   ])ro(huts. 

]!\    laken  for  Ihe  determination 


(  )ii  the  1):i-i  -  "f  ''■"'  dihilcd 

1,, 


.(ilntiMii^   !!!i;i 


the  (OiUHiitralM'ii  nit  li»   '  U'  r- •  ,t   in  ,i  phiiO  er.ul  aiiiin-  cv  .-n  .eOiuOi  ;i  <  -iitciil 

•//ciiM  n!!]\-  1)!'  ;d).iUl   n.ii"J.''  M . 
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Summary 

The  method  ol  lUiUMJicl  ;nul  <  >-terl)erg  for  tlie  (Ulcrminat ion  of  sugars 
in  urine  has  been  adai)te(l,  with  modifications,  to  the  determination  of 
rpdiicing  sui'ars  and  sucrose  in  i)lant  extracts.  The  details  of  the  deter- 
mination are   ,i;i\(n. 

This  colorimelrie  method  is  superior  to  the  gravimetric,  volumetric 
and,  of  course,  opti(-d  methods  for  the  determination  of  small  amounts 

of  sugars. 

The  use  of  mercuric-  nitrate  as  a  ])re(Mpitating  agent  for  the  removal  of 
proteins,  tannins,  amino  acids  and  other  interferuig  substances  should 
give  truer  values  for  reducing  sugars  than  lead  acetate,  since  the  former 
removes  substances  having  a  slight  reducing  action  on  hVhling  and  a  much 
greater  reducing  action  on  the  picrate-])icric  solution.  The  nature  of  this 
material  has  not  as  yet  been  determined. 
vStatic  C<)r.i.i:(;r;,  Pi:\n^\i.va\ia 
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That  the  determination  of  starch  presents  one  of  the  most  difficult 
problems  in  analytical  chemistry  is  clearly  indicated  in  the  literature  of 
the  subject.  This  is  due  largely  to  the  variable  products  of  hydrolysis 
formed  under   the  dilTerent  conditions  of  conversion. 

Of  the  three  chief  modes  of  attacking  the  problem  the  method  of  con- 
version by  acid  hydrolysis,  even  if  the  products  were  definitely  known, 
which  is  not  the  case,  can  be  applied,  in  the  case  of  plants,  only  to  the 
determination  of  the  approximate  "reserve"  polysaccharides,  because 
other  complexes  like  the  hemi-celluloses  would  also  be  hydrolyzed.  The 
method,  introduced  by  O'Sullivan,^  of  the  conversion  by  diastase  followed 
by  a  secondary  hydrolysis  with  hydrochloric  acid  of  the  products  (the 
dextrins,  glucose  and  maltose)  and  the  estimation  of  the  glucose  formed 
either  by  the  gravimetric  or  optical  methods  is,  apart  from  the  difficulties 
attending  the  polarization  of  small  amounts  of  glucose,  open  to  the  objec- 
tion that  the  accuracy  may  be  affected  by  the  destruction  of  the  sugar  by 
the  hydrochloric  acid,  with  the  formation  of  levulinic  acid  and  humin 
substances.^  Additional  data  with  respect  to  the  destruction  of  glucose 
under  these  conditions  will  be  given  in  the  experimental  part  of  this  paper. 

The  conversion  of  starch  into  glucose  and  maltose  by  the  mixed  enzyme 
taka-diastase — secreted  by  Aspergillus  oryzoe — which  possesses  very  strong 
converting  power  has  been  used  by  Stone  and  Wright,''  Croft  Hill,^  and 
later  more  successfully  by  Davis  and  Daish,®  though  Horton,''  with  the 
comparatively  large  amounts  of  starch  used  by  him,  encountered  difficulties 
which  he  attributed  to  the  persistence  of  dextrin,  but  he  conceded  that  the 
evidence  was  not  clear. 

*  Read  at  the  Milwaukee  meeting  of  the  American  Chemical  Society,  September, 
1923. 

The  cost  of  this  investigation  has  largely  been  defrayed  by  a  grant  from  the  Adams 
Fund  for  Agricultural  Research. 

»  O 'Sullivan,  J.  Chem.  Soc,  45,  1  (1884). 

3  Davis  and  Daish,  /.  Agr.  Set.,  5,  454  (1912-13). 

*  Stone  and  Wright,  This  Journal,  20,  639  (1898). 
»  Croft  Hill,  Proc.  Chem.  Soc,  240,  184  (1901). 

*  Davis  and  Daish.  J.  Agr.  Sci.,  6,  152  (1914). 
'  Horton,  ibid.,  11,  240  (1921). 
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It  is  also  to  be  observed  that  Tottingham  and  Gerhardt^  claim  to  have 
obtained  higher  results  with  salivary  digestion  than  with  taka-diastase. 

Inasmuch  as  the  application  of  the  Benedict-Osterberg  method  has 
proved  so  satisfactory  for  the  determination  of  sugars  (see  preceding  paper), 
its  application  to  the  determination  of  starch,  using  taka-diastase,  was  in- 
vestigated. The  experimental  evidence®  is  strongly  in  favor  of  the  view 
that  glucose  and  maltose  are  the  sole  products  of  conversion  by  taka- 
diastase,  although,  as  already  stated,  Horton^  considered  the  possibility  of 
small  amounts  of  dextrin  persisting.  The  analytical  error  involved  in 
this  assumption  would,  however,  V)e  very  small.  Accordingly,  the  picratc- 
picric  reducing  ratio  of  glucose  to  maltose  was  (klerniined  and  found  to 
l)e  considerably  greater  than  the  cupric  reducing  ratio,  which  fact  is  of 
importance  since,  as  we  shall  see,  no  great  error  is  introduced  by  a  slight 
variation  in  the  i)roporti()n  of  glucose  to  nudtosc  in  tlie  products  of  (Con- 


version. 


Experimental  Part- 


The  maltose  hydrate"  ii«;p(1  for  tho  dotormination  of  the  picratc-picric  rcchicine  power 
was  the  Pfanstiehl  brand;  [af^  =  H-131.0°;  water,  0.15%;  ash,  0.02';;. 

Ten-cc.  portions  of  solutions  containing  equal  concentrations  of  the  standard  glucose 
and  of  the  maltose  hydrate  (calculated  as  the  anhydride)  were  taken,  and  the  color 
developed,  in  a  series  of  experiments,  under  the  conditions  described  in  the  preceding 
paper  (p.  1664).  The  value  obtained  in  this  way  was  0.91  ±  0.01.  This  compares 
with  a  cupric  reducing  ratio  of  glucose  to  maltose  of  0.61. 

The  preliminary  experiments  with  the  method  were  made  on  potato  starch.  It 
gave  on  analysis:  protein  (N  X  6.25).  0.168%;  ash,  0.270%;  crude  fiber,  0.00%;  ether 
extract,  0.370%;  moisture,  12.860%.  It  was  freed  from  moisture  by  drying  under  re- 
duced pressure  at  120°  for  eight  hours.  The  starch  determinations  were  all  made  on  this 
vacuum-dried  product. 

The  Ratio  of  Glucose  to  Maltose 
The  value  of  the  ratio  of  glucose  to  maltose  was  determined  by  resolv- 
ing the  equations, 

g  -f  0.61  m  =  R  (1) 

g  +  0.91  m  =  R'  (2) 

where  R  and  R'  represent  the  sum  total  of  the  cupric  and  picrate-picric 
reducing  powers,  respectively,  of  glucose  (g)  and  maltose  (m),  as  indi- 
cated by  the  amounts  of  the  reduction  products  obtained  from  equal 
volumes  of  the  solution  containing  the  sugars  from  the  diastatic  conversion 
of  the  starch,  by  the  gravimetric  and  colorimetric  methods,  respectively. 
In  a  series  of  19  experiments^^  using  0.25  g.  of  the  starch  and  in  eight 

8  Tottingham  and  Gerhardt,  Ind.  Eng.  Chem.,  16,  139  (1924). 

'  For  details  concerning  Benedict  and  Osterbcrg's  solutions  used,  the  reader  is  re- 
ferred to  the  preceding  paper  (p.  1664). 

'°  These  experiments  were  made  using  three  different  lots  of  the  enzyme  preparation, 
one  of  which  was  known  to  be  at  least  a  year  old,  another  about  three  years  old.  The 
age  of  the  third  lot  was  not  known. 
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experiments  using  0.1  g.  starch,  the  ratio  was  found  to  range  from  1.9 
to  2  3  with  a  mean  value  of  2.05;  that  is,  when  about  05%  has  been  con- 
verted into  glucose.  Whether  or  not  this  represents  the  eqtnhbrnnn  posi- 
tion at  these  low  concentrations  of  the  direct  and  reversible  reactions  be- 
tween glucose  and  maltose  has  not  been  determined. 

The  cupric  reducing  ratio  of  glucose  to  maltose  varies  from  ()..)2  to  O.O!) 
according  to  the  conditions  of  reduction.  Since,  however,  the  (hilcrence 
between  the  picrate-picric  reducing  power  of  glucose  and  maltose  is  not 
verv  great  and  the  ratio  of  glucose  to  maltose  is  approximately  etjiuil  to 
:>  n'undcr  the  conditions  to  be  (lesrribed,  it  is  not  ncc(-s-ny  1<.  ol,tni,i  llic 
oiii)ric  reducing  value;  for  by  solving  the  equations 

g  -f  {I'M  u\   -    /v"  (4) 

^^■c  can  estimate  the  starch  by  a  colorinu-triv  .k  tcrnim.ihon  al-iiL  NMthoui 
a  great  sacrifice  of  accuracy.     An  example  will  make  this  ckar. 

In  one  experiment  R'  was  found  to  be  0.2()IS  g.  in  terms  of  standard 

glucose. 

Hence  g  +  0.91  m   -  0.2018  ("') 

and  substituting  we  have  2  ni  +  0.91  ni  ^  0.2(ilS.  vvhcnce  ni   -~  OOlT  and  g   -  O.IS. 

Starch  value  of  g    =  0.18  X  0.9U0  =  0.1020 

Starch  value  of  m  =  0.09  X  0.917  -  0.08r)2 

Found       0.2472 
CalcJ.       0.248U 

That  the  error  involved  by  taking  the  ratio  of  glucose  to  maltose  as 

2.0  is  small  can  be  seen  by  calculating  the  values  obtained  in  an  experiment 

in  which  an  extreme  ratio  (2.3)  was  obtained. 

R  for  the  total  solution  (250  cc.)  =  0  .2305  g. 
R'  =  0.2000  g. 

Resolving  Equations  1  and  2  we  find  a  value  for  starch  of  0.244;;  g.,  and 
from  Equations  3  and  4  of  0.2454.     The  dilTerence  is  O.OOIl  g. 

The  Method 
The  details  of  the  method  for  determining  starch  are  as  folhnvs.  ^ 

From  1  to  4  g.  (according  to  the  quantity  of  starch  present;  the  absolute  amount  of  ^ 
starch  should  not  exceed  0.3  g.),  of  the  vacuum-dried  residue''  freed  from  all  traces  of 
sugars  is  gelatinized  by  heating  to  boiling  for  40  minutes  on  a  steam  cup  or  water  bath 
with  200  cc.  of  water  with  continued  stirring  for  at  least  ten  minutes,  in  order  to  prevent 
the  accumulation  of  starch  aggregates,  and  occasional  stirring  thereafter.  It  is  then 
cooled  to  38''  and  incubated  at  this  temperature  for  24  hours,  with  O.l  g.  of  the 
enzyme  preparation  and  2  cc.  of  toluene.  During  the  incubation  it  is  (k'sirable  to  stir  the 
solution  gently  and  frequently  during  the  hrst  few  hours  sine  r  the  starch  k^I  tends 
to  separate  into  two  phases  on  standing.  IMoreover,  the  t..hunc'^  which  is  lost 
through  evaporaticm  is  replenished  as  needed.     At  the  end  of  this  pui..d  the  solutionis 

11  vSee  p.  1600  of  the  preceding  paper. 

1^  Toluene  was  Hrst  used  by  Fischer,  Brr.,  27,  2"^5  MSlM^ ;  28,  1  12<,t  (189.5). 
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h  ted  to  boiling  in  a  steam-cup  or  water-bath  for  15  minutes,  in  order  to  render  the  en- 
mes  inactive  and  afterwards  the  residue  is  filtered  and  washed  thoroughly  by  deeanta- 
Hon  with  water  into  a  carefully  calibrated  250cc.  flask.  An  aliciuot  portion  (:50  cc.  is 
fficient)  is  taken,  and  5  cc.  of  the  mercuric  nitrate  reagent  and  sodium  bicarbonate, 
^"  added  followed  by  filtration  and  treatment  with  zinc  and  hydrochloric  acid  as  de- 
scribed in  the  preceding  paper  (p.  1060);  1  to  5  cc.  is  transferred  by  means  of  an  Ost- 
wald  pipet  to  a  50cc.  Pyrex  test  tube,  diluted  to  10  cc,  an<l  followed  by  10  cc.  of  the 
picrate-picric  solution  and  2  cc.  of  25',,o  sodium  carbonate  solution.  The  color  of  this 
solution  and  the  standard  is  developed  under  the  same  conditions  as  alrea-ly  described 
in  the  preceding  paper  (p.  1006). 

In  calculating,  the  dilution  factor  for  tlie  mercuric  nitrate  solution  abided  must, 
of  course,  be  used.'and  a  blank  determination  on  the  same  amount  of  tin-  taka  -liastast- 
(0  1  g)  I'lsed  in  the  converdon  e.xperinicnl  is  rarrir.]  out  ai.iult  an-o,:  Iv.  Tlir  hi. ink 
experiments  were  found  to  be  remarkablv  uniform.  Inuvj.  ry,  i-  no:;  ni^  !..r  tla  iwl  d 
amount  of  enzyme  use.].  The  recovery  hv  tins  ni.  llio  !  of  0.25  g.  of  poiafu  .(ar.  h  added 
to  (1)  spurs  and  (2)  leaves  of  apple  tr.es  in  mx  experini.-nl-,  uas  tP.m  ms,  l  to  99.47o 
(calcd.  9'J.2%). 

Experiments  on  a  Secondary  Hydrolysis  with  Hydrochloric  Acid 

A  comparison  of  the  results  obtained  in  this  maimer  was  made  with 
,.  ,j„.„,.  t,,-^i^^i...r-;o  i»ri'«l,  1l^rr1lvu<1  dr>ru>  fwifl    t,inrM'  ;i  niiiidx'r 

those  iron  1  cl  bCCUllUa.l}'    ny  y^^y^xj  .,1^    ..i^..   ..^ 

of  workers''  have  reported  h)sses  of  glucose  amounting  to  1.0  ]  S/ ;  as 
a  result  of  hydrolysis  for  two  and  a  half  lionrs  with  2.5^;  actual  hydro- 
chloric acid,  due  apparently  to  the  formation  of  levidinic  acid  and  linmin 
substances;  while  others,'^  using  the  same  coiiceiitratioii  of  acid,  have 
not  had  tlie  same  experience. 

From  the  results  of  the  determinations  of  "reserve"  polysaccharides, 
to  be  described  later,  it  is  certain  that  a  concentration  of  O.")^;,  of  the 
catalyst,  acting  at  the  boiling  point  for  four  hours,  is  sufficient  for  the  con- 
version of  the  comparatively  small  quantities  of  "reserve"  i)olysacc]iarides 
used  for  these  colorimetric  determinations.  The  inference  from  the  results 
given  in  Table  I  is  that  glucose  has  been  destroyed  even  at  this  low  con- 
centration. 

Tabuv  I 
Comparison  or  Tin-:  Results  Obtained  by  Hvdroi.vsis  with  (1)  TAKA-DiASTAsi: 
Alone  and  (2)  Taka-Diastasiv  Foi.lowkd  nv  IIvdkochi.okic  .\cii) 


Hydrolj-sis  with  taka-diast.isc 
only 

r— vStarch  recovered — 

G. 


Hydrdlv^is  uilli  t:ik.i  di.i^t.isc 
tnlluurd   hv    IK'l 

St.irtli  iei.<)\ired 

CV. 


0.2475 
.24G6 
.2475 


99.7 
99.4 
99.7 


0  2130 
.2130 
.2418 
.2425 
.2432 
.2425 


98.0 
98.0 
97.5 
97.8 
98 . 1 
97.8 


I'Noyes,  Crawford,  Jumper,  Flory  and  Arnold,  Tins  Joukxal.  26,  '2r,r,  (190  1). 
Kef.  3.     Ref.  8. 

Olmsted,  J.  Biol.  Chnn.,  41,  45  (192(1).     Walton  and  Ce,  J,  A.s,o,    <  ^J]h  /,//  .\gr. 
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The  Determination  of  Other  "Reserve"  Polysaccharides  | 

Because  of  the  important  physiological  functions  that  polysaccharides 
other  than  starch  may  exercise  as  reserve  materials  in  plants  no  special 
difficulties  were  found  in  the  extension  of  the  colorimetnc  method  to  the 
determination  of  materials  that  are.  like  the  hemi-celluloses  for  example, 
hvdrolyzed  by  dil.  acids  and  which  are  utilized  by  the  plant  through  trans- 
?onnatL  into  the  corresponding  sugars  by  elaborating  the  specific  enzyme, 
However,  the  results  by  this  means  are  to  be  regarded  as  only  relative; 
moreover,  the  possible  destruction  of  glucose  may  vitiate  the  results  to 
some    extent.      Since    this  work   has  been  carried  out,    lott.nghani  and 
Ccrhardt'^  have  indicated  their  preference  for  hydrolysis  with  1  ,,  sulfuric 
4id  rather  than  2..5':;  hydrochloric  acid,  because  of  the  smaller  quantity 
of  rclucins;  substances  prccipilate<l  by  the  clarifying  a^cnt  Irom  the  former 
hvdrolysates.     These  authors  do  not,  however,  appear  to  have  rccogniz.ed 
the  work  of  Englis  and  Tsang,"  who  have  shown  that  the  losses  of  sugar 
when  basic  lead  acetate  is  used  as  a  clarifying  agent  were  due  m^  a  large 
measure  to  the  insoluble  salts  formed  by  tiie  deicadi«s  agents  w.uc.i  vancu 
considerably  in  their  effect ;  their  results  cleariy  indicate  that  disodium 
phosphate  is  the  most  satisfactory  deleading  agent.     This  is  in  conformity 
with  unpublished  data  obtained  by  the  present  writer. 

The  Method 

From  0.5  to  1.0  g.  of  the  vacuum-dried  residue  from  «hich  all  traces  of  sug.s 
have  been  removed,  as  already  stated  in  the  preceding  paper  (p  1060)  is  treated 
La  Pyrex  Erlenmeyer  flask  with  200  cc.  of  water  containing  0.5%  of  actua  hydro^ 
chloric  acid  and  boiled  for  four  hours  under  a  reflux  condenser.  After  cooling,  the 
solution  is  exactly  neutralized  with  sodium  hydroxide  and  filtered  into  a  calibrated  250oc 
volumetric  flask  After  washing  the  filter  with  water,  the  combined  filtrate  and  wasl 
waters  arc  made  up  to  the  mark  and  shaken.  r   ,.     i. 

The  subsequent  procedure  is  exactly  as  described  under  the  determtnation  of  starch, 
using  suitable  aliquot  portions  to  keep  within  the  concentration  hmits. 
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1675 


I 


Table  II 


Material 

Leaves 


Seedling  spurs 


Actual  HCl 

present  in 

solution 

% 

"Reserve 

Cravimetri 
';'o,  dry  ha? 

0.5 

12.00 

0.5 

10.60 

1.0 

10.00 

1.0 

10.50 

0.5 

12.00 

0.5 

12.60 

]  .0 

11.90 

1.0 

10.50 

1.0 

10.50 

Reserve"  polysaccharides  as 
C.lucose 

Colorimetnc 

s  %,  dry  basis 

10.20 
10.48 

10.00 
10.05 
12.00 
12.05 
11.00 
J1.15 
11.00 


July,  1924 

A  comparison  of  the  cupric  and  picrate  picric  reduction  methods  in 
these  determinations  of  "reserve"  polysaccharides  is  given  in  Table  11. 

These  results  would  indicate  that  no  advantage  is  offered  in  the  hydrol- 
ysis of  this  class  of  material  by  increasing  the  percentage  of  hydrochlork^ 
acid  over  0.5%,  for  there  is  clearly  a  destruction  of  glucose  even  with  l^v 

hydrochloric  acid. 

Summary 

A  colorimetric  method  for  the  determination  of  starch  by  means  of  con- 
version with  taka-diastase  without  a  secondary  hydrolysis  has  been  de 
scribed      Under    tlie    conditions   ot    ( onvcrsion.    tlif    ratio   of    k1ii^"<>^^'    ^<' 
maltose  is  remarkably  constant   and   tlic  analytical   error   introduced  bv 
regarding  this  ratio  as  !>.()  is  very  small,  since  the  picrate  picric  reducing 
ratio  of  glucose  to  maltose  is  relatively  high.      A  nietliod  also  lor  the-  dt- 
termination  of  other  "reserve"  polysaccharides  has  been  given. 
State  College,  Pennsylvania 


16  Ref.  8,  p.  140. 

16  Knglis  and  Tsang,  Tins  Journal,  44,  865  (1922). 
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THE  DETERMINATION  OF  NITROGEN  IN  CONNECTION 
WITH  THE  WET  COMBUSTION  METHOD  FOR  CARBON.* 
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Bv  ARTIIITR  K.  ANDKRSOX  and  HARRY  S.  SCIU'TTi:. 

(t'rtnii  the  l)c})(irtinent  of  Agric\dlnr(d    and    Biolooical   Cliet/cistri/,    School 

(if  Ai/ric  nil  II  re   anil   Kx  jii-n  nit  nt  Stafnm,   The  I'l  n  /i.ojira  n  i  a 
Si  nil    (  'nil  <  i/r,    .<!iil,     <  '<>l  I  i  i/c.  ) 

fRccfi  \'fMi  for  puMic'if  ioii,  .Tiuic  *'-,    l*t_M.) 

J;;  '},(•  -IikIn-  (»!'  ill''  cMrhon  Jiict  ;ilHtli-iii  (it  i'  n.-^n  r  •  n  m  Inn  oil  ^ln- 
(■(.-<'  -olutioiis^  the  \v»'1  cojiibiistion  iiiclhod  of  J\()}2,crs  ;ui(l  Ko^crs,-^ 
it-  ni()(lifi(Ml  by  (loilncr/''  was  found  very  sidisfactoiy  for  (l(;terinin- 
in<>  raihon  in  Iho  jiivcclium.  Since  in  work  of  this  kind  two  cul- 
\\\\v<  or()\vn  und(M-  idcMitical  conditions  often  show  ^reat  variations 
in  the  nature  of  tlieir  <2;rowths,  it  is  desirabk^  to  make  as  many 
detenninations  as  possible  on  the  same  sample.  In  connection 
with  the  id)0ve  mentioned  study  it  was  desiral)le  to  determine; 
iiitroficn  as  well  as  carbon  in  the  mycelium.  Due  to  the  fact  that 
()nl\'  a  few  tenths  of  a  ^ram  of  material  were  available  in  each 
ca^c,  it  occurred  to  the  authors  that  the  residue  from  the  digestion 
with  chromic  acid  mi<2;ht  b(^  uscmI  for  the  detcM'mination  of  nitro^cMi 
by  >iinply  making  alkaline  and  distilling-  the  ammonia  as  in  the 
usual  Kjeldahl  procedure. 

To  test  this  method  wet  combustions  were  run  on  asparagine, 
digesting  with  ')()  cc.  of  carbon  dioxide-free  water,  .">  gm.  of  potas- 
sium dicliromate,  and  7")  cc.  of  concentrated  sulfuric  acid,  at  a  tem- 
prratui-e  just  below  the  boiling  point  for  about  2.2  hours  or  until 
aeration  was  compl(4e.  Hecaus(^  of  the  large  amount  of  acid  to 
neutralize,  the  residue  was  divided,  approximately  etpial  amounts 

*  Puhlishcfl  as  I'ajxT  Xo.  11,  Depart  incut  of  .Xf^riciiK  iiral  and  I'iologiral 
Chctnistry,  'i'li(>  Pcmisylvania  Stale  ( 'ollcfic  St  ate  College.  I'eiin.sylvaiiia. 

'  Anderson,  A.  K.,  and  Willanian,  .1.  ,].,  I'roc.  Soc.  I'J.rp.  liiol.  mot 
Mc'l.,  19l>_>  l';^  w,  lOS. 

-Rogers,  U.  r:..  and  Rogers,  \\  .  ]'>..  .1 //^  ./.  .Sc. ////»/ .1 /-/s,  series  2,  ISIS,  v, 
3:)2. 

•  (lortncr,  H.  .\..  Soil  Sc.,  ]\)](\,  ii.  .'If)."). 
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being  placed  in  two  large  Kjeldahl  flasks,  diluted,  made  alkaline  ^ 
S  sodium  hydroxide  solution,  and  the  ammon.a  from  both 
flasks  distilled  into  the  same  standard  acid  solution.  Table  I 
fndicate  practically  theoretical  results  on  asparagine  which  show 
That  both'amide  and  amino  nitrogen  may  be  determined  inthis  ^ 

"' S^ncTthe  method  was  to  be  used  on  fungus  mycelium  the  next 

th'rto  consider  was  its  application  to  such  a  n.a  enal.     Since 

,0  av<^o  amount  of  Fu.amnn  Uni  mycelium  was  ava, lablo  a  c,aa,.- 

I    ofpuinKdls,   a,K,,lu..   fundus  nudon=d,   was  ,allu.n.,l.   dn...l 

,  Isul  nutted  <o  analysis.  As  in.lical.d  n.  '1  al,!.  .  l-vr  .- 
■  ,,  s  were  ..btained  by  the  wet  combustion  ,neth,„l  than  U  tl. 
K     l,,abl-<;unn,n,    method.     At    first,    the.,     low     r..<ults    wo,. 

a,  ributed  to  inc-ompiete  oxidation  of  th..  --'^'^'f  ■;;;;;;';;■•''; ,!; 

several  niodifications  of  the  proce<lure  were  trie(  ,  such  as  v,   y 
ng    he  time  of  heating,  and  the  amounts  of  acid  and  potas  nun 
ri,'r.VirnTn'ito  used      I\o  rnoaificaLiuii  ^ii\^  nife-c.  .v...... 

i  thTn  th^^^^^^^^  combustion  method.     Since  the  wet  com- 

bust  on  method  gave  uniformly  low  results  for  nitrogen  it  wa 
thought  That  a  factor  might  be  worked  out  which  could  be  use 
Jo  convert  these  results  into  true  nitrogen  values  as  <letermined 
by  the  K  euiahl  method.     For  this  purpose  dried  I^samrn.  Im 
mycel  urn  was  used.     In  this  case  the  wet  combustion  mtrogo 
Values  agreed  exceedingly  well  with  those  obtained  by  the  Kjol- i 
dahlnetlod  (see  Table  I).     Apparently  the  puffballs  contained 
ill  ma  erial  which  was  interfering  with  the  nitrogen  detenmna-- 
In  l";  the  wet  combustion  method.     If  chlorides  were  present 
the  reaction  represented  by  the  following  equation  might  be  tak- 
ing  place,  thus  accounting  for  the  loss  of  nitrogen: 


K,Cr,0,  +  2NII.C1  =  2KC1  +  Cr.O.,  +  41bO  +  N2 


I 


\  nuahtative  test  for  chlorides  in  the  dried  puffbal  s  proved  t 
be  stronglv  positive.     The  Fusarnun  Uni  mj-cehum  being  grow 
on   a  cldoride-free   medium  contained   no  chlorides,     lo   settk 
^his  question  asparagine  was  analyzed  again  in  the  presence  0 
varying  amounts   of  hydrochloric  acid.     The  results  in  rabe 
Ihow  plainlv  a  loss  of  nitrogen.     To  show  the  application  of  th. 
rnetlod  to  other  materials,  analyses  were  made  of  casein  and  gela- 
^n    both  of  which  were  chloride-free.     The  results  agreed  .ell 
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with  those  obtained  by  the  Kjeldahl  method.  The  addition  of 
sodium  chloride  to  these  materials  lowered  the  nitrogen  by  the 
wet   combustion  method.     On  the   other   hand,    egg    albumin, 


TABLE  I. 


Comrarison  of  Kjeldahl   and   Wet   Combustion  Method  for   Determining 

Nitrogen. 


Mctl 


ion 


Carbon. 


Nitrogen. 


W'cl coin- 
I  l)ii.-ti<>n. 


Kjohlahl. 


\.'-i);ir:igine. 


Ilirorct  ical 

I'suui  wet    ('(iiiihiist  ion, 


it 
ii 


-I       1  CC.  0.1  N  IICl. 

-f-     5   "     0.1  N     " 
+  25  "     0.1  N     " 


Iter  ce  rU 

per  rent  \ 

:^i.9s 

1 S   (^5 

;;■_'  r,i 

is,  }:;  ; 

1 

:v2.  p,) 

LS.O.S 

3 1.1)5 

18.00 

32.10 

17.80 

32.17 

17.30 

32.28 

15.25 

prr  cfnt 

IS.  05 

IS  IS 

18.01 


Dried  puffballs 

(chlorides  present). 

TTciinl  wpt  poml)iistion       

40.04 
41.22 
40.54 

40.82 
'M).70 

7.50 
7.42 
7.42 
8.54 
8.50 

8.02 

Af>rfiti(in  niothod            

8.01 
8.04 

8.58 

8.02 

Dried  Fusarium  Uni  mycelium  (cliloride-free), 


Usual  wet  combustion. 


Casein  (chloride-frcc). 


Usual  wet  combustion 

"       "  "  +  0.1  gin.  XaCl 

Aeration  method  in  j)resence  of  0.1  gm.  XaCl. 


I 


50.81 
50.77 
50.72 
50.72 
50.79 
50.87 
50.01 
50.72 


12.37 
12.29 
12.44 

7.84 

8.23 

12.48 

12.49 

12.45 


12.25 
12.35 
12.31 
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TABLE  I— Concluded. 


Method. 


Carbon. 


Nitrogen. 


Wet  com- 
bustion. 


Kjeldahl. 


I 


Gelatin  (chloride-free). 


Usual  wet  combustion. 


«        ** 


t( 


-f  0.1  ^in.  XaC'l 

Acraticn  nK'tli<)>l  in  prcscucr  of  0.1  gm.  X:i<' I 


per  cent 

42.54 

42.78 
42.75 
12.71 


per  cent 

15.63 
15.80 
15. 8G 

S.5() 


ixr  cent 

15.50 
1.).  <.j 
15.70 


42.05  j  0.01 
42.4:5  !  15.77 
42.07  I   15. SI 


r.^^  all.uiinn  frhlorido;-  present) 


Usual  wet  combustion 
Aeration  method 


which  contained  chlorides,  gave  lower  results  by  the  wet  combus- 
tion method  than  by  the  Kjeldahl  method,  showing  similar 
results  to  those  o])tained  on  puffballs.  • 

It  is  evident  from  the  above  that  chlorides  interfere  with  the 
determination  of  nitrogen  by  the  wet  combustion  method.     There- 
fore  in  order  to  make  the  method  of  value  for  biological  materials 
a  simple  method  nmst  be  devised  for  removing  chlorides.      Two 
methods    were    tried,    one    of    which    proved    satisfactory.      The 
unsuccessful  attempt  was  made  by  conducting  the  oxidation  m  tlie 
presence  of  silver  sulfate.     The  results  were  no  higher  than  when 
no  silver  was  present.     The  successful  method  consisted  of  an 
aeration  of  the  sample  in  the  presence  of  concentrated  sufunc 
acid  before  the  addition  of  the  potassimn  dichromate.      I  he  lihci- 
ated  hydrochloric   acid   was  absorbed   in   a  U-tube  containing  a 
saturated  solution  of  sUver  sulfate.     The  sample  was  placed  in 
the  digestion  flask,  50  cc.  of  concentrated  sulfuric  acid  were  ixdiWd, 
aspiration  was  started,  and  the  mixture  heated  to  just  below  tho 
boiling  point.     The  time  of  aeration  depends  upon  the  amount  ot 
chlorides  present,  for  the  average  sample  ti  period  of  30  mmote^ 
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is  sufficient.  With  a  0.2  gm.  sample  to  which  0.1  gm.  of  XaCl 
had  been  added,  the  chlorides  were  completely  removed  in  45 
minutes.  Heating  is  necessary  for  the  rapid  removal  of  chlorides, 
the  charring  which  occurs  does  not  interfere  with  the  carbon  de- 
termination because  the  apparatus  remains  intact  during  the  en- 
tire procedure.  Without  heating  all  the  chlorides  could  not  be 
removed  from  a  sample  containing  0.1  gm.  of  NaCl  in  6  hours. 
After  the  aeration  was  completed,  75  cc.  of  a  solution  containing 
5  gm.  of  potassium  dichromate  dissolved  in  25  cc.  of  couceut rated 
sulfuric  acid  and  50  cc.  of  carbon  dioxide-free  water  wvvv  place*! 
in  the  separatory  funnel  and  slowly  run  into  the  conibu.stion  flask. 
Bv  this  modification  there  was  no  danger  of  loss  of  carbon  dio.xide 
bv  opening  the  flask  to  add  .M)lid  potassium  dicbioniate.  Tlie 
determination  was  then  continued  as  in  tlie  usual  w(^1  combustion 

method. 

An  examination  of  Table  I  indicates  that  the  aeration  method 
is  very  satisfactory  tor  removing  the  interfering  ciiiorick's.  'ilie 
nitrogen  values  obtained  on  puffballs  and  egg  albimiin,  which 
contain  chlorides,  after  aeration,  correspond  with  those  o})tained 
by  the  Kjeldahl  method.  Sodium  chloride  added  to  casein  and 
gelatin  may  be  removed  by  aeration  and  the  results  agree  with 
those  obtained  on  the  chloride-free  material.  It  should  also  be 
noted  that  the  treatment  given  the  sample  in  the  aeration  method 
does  not  alter  the  carbon  values. 

The  writers  feel  that  the  wet  combustion  method  for  deter- 
mining nitrogen  will  prove  of  value  where  it  is  desirable  to  deter- 
mine both  nitrogen  and  carbon  on  the  same  sami^le.  It  is  be- 
lieved that  the  method  will  give  good  results  on  any  material  to 
which  the  Kjeldahl  method  is  applicable.  When  chlorides  are 
present  it  is  necessary  to  aerate  the  sample  in  the  presence  of  hot 
sulfuric  acid  before  adding  the  potassium  dichromate. 
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h 


li„o.    ih,.    Letter    ty|M"    of    poultry    ration.'       In    other    words 


l''inil<.  (".  and   DoU! 


:las.  M       .1. 


1 1  %•  s  1  ()  1 .    ■^  1 .    4  ( 


im  4. 


iinbi.    iiKi.  .).  mmI.  Kcs.  w.  r.r.o.    i;m!). 


.Mc'(  'arrisoii. 

Dutclier.  II.  A.  an  I   Wilkiiis, 


S.  1).      Am 


.1.   I'hvsiol.  .".li.  4: 


ntlM 


I  S()ut)a, 


A.  J.     Am. 


ll\S!t)l 


t;i.  is 


.ee 


A.   ii.      .1.   Am,    .\ssiK 


;  I ! ;  1 1    li  1  \'  I  s . 


I'oulir^    llusl);nuliy 


Xo.  1<»,  pp.  T 


4   7t;.     li»:^l 


•JU4 


I 


•I, AN  OK  'I'lii:  i;\i'i:Ki.Mi;Nr 


i 


1  4l. 

n    ui  t  ■  1 1  •  ■  I  f  1 1 ,    1 1 1  >     j 


f     ♦!, 


1 1 II  1 1     >  <  1      III' 


I  i<  ii'  I  M  wu  I  1       \  vn 


In     Wuu]      ;i      I: 


1  foc 


number  of  pullets  and  Immis  a  satisfaetor\  poiiltj-y  ration  con- 
tinirof  mash,  scratch  'ivi'^,  <:rit  and  oystei-  shell.  sup|)leinent  in<: 
■tain  experimental  <:ronps  with   var\in<:-  amounts  (d'  the  yeast 

to  be  collected   on    the   intiuence  of  such    fac- 


sis 


eel 


product.     Data  were 


tors  as    ( 


1  )    yeast    product    /x.    no 


yeast    |)r(:du(d.    '■'!)    dry    mash 


/•S-.  wet  mash  with  and  without  xcast  pi'oduct  added,  and  ^  :^ 
electric  li<.dits  to  increase  tiie  len<itli  of  the  hen's  working-  day  rs. 
no  electric  lights,  with  and  wilhout   the  yeast   product. 

Data  were  to  he  collected  with  r<'<_;ard  to  '1  >  body  wei<:hts  of 
individual  birds,  i  l!  >  the  actual  number  of  ej^os  produced  pel- 
bird  by  use  of  trap  nests,  i  :>  >  the  wei<jlit  of  e<!-^s  i)roduced  per 
bird.   (4)  si/e  of  e^iis  |)rodu«-ed.  and   i  ")  >   food  intake  per 


bird. 


Tin;  iJATHtNs 


At    the   bejiinnin<:'   of   the   experiment    eaidi    pen    containe< 


il    4; 


ns 


females.  Pens  1  to  S  imdusive  consisted  (d'  |mllets.  while  i)e 
*)  and  10  consisted  of  yearlin<i'  hens.  All  pens  i-eceived  the  same 
standard  scratidi  <irain  mixtui-e  (d'  :>  lbs.  of  cra<-ked  corn  and  *J 
lbs.  of  wheat.  In  all  th."  pens  this  matei'ial  was  fed  separatcdy 
from  the  mash. 

Pen   1   i-eceei\('d  a  dry   mash   which  consisted  (d'  e(pial   parts  ot 
heat    middliu'js.    (.at    (diop.    corn    meal    and    meat 
t    Ncasi.      I'dectric   liuhts  were  used   iti   the 


wheat    bran,    w 


ra|)s  a?id   _.)   per  c<ii 
1 


inorniiiir  onl\ 


Pen  *J  was  fed  a  i\v\    mash  (d'  e(pial   parts  (d'  wheat   bran,  wheat 

*  A  pact  of  the  expense  of  tliis  investigation  was  defrayed  by  a  ^v\n\\ 
roll)  the  Northwestern   ^'east   ( "oinpanx  .  <  "liicago.   Illinoi-. 
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middlings,  oat  chop,  corn  mc 


al  and  meat  sci'aps.     Electric  li<rlits 


w 


ere  used  in  the  mornin":  only 


Pen 


.)  receive 


■d  tlie  same  I'ation  as  Vvw   1.     This  ])en.  however 


lid   not    reci'iv  '  art  iticial   li; 


ri 


\\;i>  le( 


(i!'\'   !ii;i' 


M     l-;!l  mil    (Millsisl  !  MU'    o!     t'(  j 


eoi'ii    liK'iil.    wlie 


it    lira 


I.   wlicnl    111 


Khiii  !i: 


clKin,    !!!'' 


)aiMs  oi 


^(■r;i  1 1 


w 


itli   1 


>   nrl'  ('( 


lit    \- 


I'a- 


MIcct  I'ic  liiiliis  w  eri'  m»i  used 


I 


('11  -)  rcci'i  \  (•(  1   the  ^;i  iiic   ra 


1  loll 


■•■11  _. 


t'Jcci  ric  hulil  s  w  sT 


not   used 


Ten  ()  received  the  sam(^  ration  as  Ten    1    hut    was  [vi\  a  moist 


mas 


h.     No  artificial  li*:'ht  was  used  in  this  pen 


r 


(Ml    / .       I  ne    iiiasti    I'ai  loii    i(»r    i  iiin    |m  h 


4  l...i 


W  rl  >      .>  I  I  I  I  I  I  <t  1         y\l       I  lltt  I        >  '  1 


fed   moist.      Xo  artitieial   li<z'ht    was 


Pen   4  except   th"  mash   was 
used  in  this  pen. 

Pen  S.  This  ration  was  identical  with  that  of  Pen  5  with  the 
one  exception  that  it  was  moistened.  Xo  artificial  lij^ht  was 
used  in  this  pen. 

Pen  1)  i-eceived  the  same  ration  as  Pen  :>.  It  will  he  i-emem- 
hered  that  this  jien  contained  yearlinii-  hens. 

l*en  10  was  fed  the  same  ration  as  Pen  :>.     This  pen  also  eon 
tained  v(nn'lin<r  hens. 


rill':    K.XI'KlJi.MKN'I'Al-   (iK(M    I'S 


n  ore 


ler  that  the  usual  criticism  re«rar(lin«:  the  small  numher 
of  individuals  ])er  jx'U  mi|iht  not  he  a|)plied  to  this  work  it  was 
decided  that  all  ])ens  should  consist  of  at  least  4.")  hirds.  It  was 
d(>sirahle  that   these  numhiM's  he  inci-eased  to  100  hirds  pel'  pe 


n 


hut  this  was  impossihh^  owin<r  to  lack  of  sjiai-e.  All  of  this  work 
was  done  with  ])ullets  with  tlie  e\ce|)tion  of  two  pens  of  yearling' 
hens  in  ordei'  that  i)i-evious  dietai-y  histoi-\'  should  not  be  an 
influencin*:-  factor  in  tlieii"  second  layin«»-  season. 

The  exj)erimental  pens  were  arran*ied  accordinjz'  to  the  scheme 
outlined  in  Tahle  1. 

The  three  hundred  si.xty  'M\i)  ^  White  Leghorn  j)ullets  selected 
for  this  experiment  were  taken  from  the  i-c'jular-  Hock  of  pullets 
r-aised  on  the  poultry  farm  of  the  Pennsylvania  Stat(^  Colle^-e. 
The  birds  wei-e  not  pe(li<rreed  althou<z'h  ))cdioreed  males  have 
been  used  in  the  hreedin^-  ]>ens  for  the  |)ast  six  y«'ars.  The 
pullets  used   in  this  experiment   wei'e  of  various  a<ie>-. 


YI:M<T  as   .1    SI  PHLHMIJXT   70    LAYINU   RATIOS 


•JO" 


Taiu.k   I.     Tim.   KxiM:ia  m  in  iai,   Pi;.\: 


1'  II 


8 


9 

10 


.\(i.  <>!   I'.ii-ijs     \  t'.isl   I'TiMhici 


45 
45 
45 


45 


I'l  11, II 


II  I  iMC 


25% 
15% 


noiic 


yo'^/c 


1 .1' 


none 


1 1 1 .  \ ; 


none 


.Miish 


(ir\' 


i\VV 


(Ir.v 


w  rl 


w  I  ■  I 


wet 


(I  i\- 


(Irv 


Klcct  ric  Lijiht.s 


liK^llt: 


mills 


n  <  ( I M  ■ 


[idiie 


IM  iiie 


m  iiic 


none 
none 


noni' 


none 


Great  cai'e  was  taken,  however,  to  have  each  jien  unifoiau  with 


re^-ard  to  (piality.  a«ie 


and  size  of  birds  in  order  that  the  results 


o 


btained   mi«i:ht    he   comj)arable.      In    other   woi'ds,   each    flock   of 
pidlets  contained  some  earlv  hatched,  some  mediinn  hatched  and 


some 


late  hatched  birds.      .Man\-  of  the  early   hatched   |)ulh'ts   in 


each  pen  mo 


lte(l  in   the  earlv   fall.     The  late   hatched   bii'ds  were 


not  fully  develojied  and.  therefore,   their  U,\  im:'   period   did   not 
he^in  until  late  wintei'. 

In  the  case  of  the  hens  used  in  the  experiment,  conditions  were 
(litTerent.  These  birds  wei-e  retained  as  liaviii^^  been  «!()od  pro- 
ducers (lurin<!'  their'  pullet  year  and  both  jx-ns  were  unifoi'm  as 
to  the  indi\iduals  in  the  pens  as  well  as  the   pens  themselves. 


FEEI)lN(r 


All 


pen 


s    were    w 


atered    and    Wul    scratch    Lirain    earl\-    in    the 


iiiornin«z-  and   as   late   in   the  afternoon   as   possiiile.      I)urin<;-  the 
winter  months  they  wci-e  also  \\'{\  a  small  amount  of  scratch  ^rain 

This   was    ioi'    the    luirpose    of 
se.      ^'east    was    U'^l    diiriim'    the 


mixtui-e   in   the  earl\'   afternoon. 


incrcasinjj"  the   amoiin 


t    (d"   exerci 


middle  of  the  forenoon.  The  |)ulh'ts  in  jxiis  1  and  'J  received 
about  P)  houi's  of  liji-ht  |)er  da.w  In  the  late  fall  and  early  win- 
ter this  necessitated  1urniii«z-  the  li^dits  on  about  4  ::>()  in  the  MU)i'n- 
ino-  ;ind  a^aiii  for  a  little  time  in  the  evenini:'.  Xo  ai-tificial  lij^dit 
was  ^iven  to  the  birds  aftei"  ')  \'.  .M.  of  each  day. 

The  food   (both  m-ain  and  mash  i   was  wei<:lied  back  each  week 
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and  tlie  aiiiouiit  rccordiHl.     An  accurate  account  was  kc[)l  of  the 
"■rit  aiul  oNstcr  siicll  consumed  l)v  each  pen. 

Each  bii'd  was  weiiiiied  on  AI()n(hi\  niuht  of  each  week,  and 
Ihe  djita  i-e<'or(h'd.     All  cjiiis  wi'vv  conectcd  at   noon  and  au'ain  at 

nil^'ht.      These   e'^'U's   Wei'c    \\c!;rhrd    ;ind    I  lieasi  |  rr<  |    (l;ii!\  .       The    birds 
were    wciii'hed    in    (lUnees.    while    the    eii<_:>    wt'fe    \\e|i_lhei|     10    'Jl'ani-- 

and  nieasnre(i   iti  iiiiHiinelers. 

Ai!     birds     \\rre     l  ra  pnested.         Tin   ^r     !ii'--N     Wi're      !ll>|M'cIed      )i'c- 

(jueiilly.    ill    or(h'!'    that    the    bii..U    niiLdit    latl    iie    (•(.iii|ielJed    to    rt_'- 
main  away  from  their  \'vt'(\  any   hjii^cr  than   iieeessai'y. 

Colds.  I'oup.  cankei'  and  chickenpox  (h'veloped  in  all  ])ens. 
Every  efl'oi'T  was  nnide  to  (dinnnaie  and  cotiiroi  ihese  diNeaNe?>. 
Each  })ird  was  treated  individually.  \-et  ])irds  in  all  ])ens  suf- 
fered to  some  extent.      Pens  -^  and  (5  sutfered   most. 


DISCt^SSION 

/.     Thf  }njh((U('(   of  f(  ( (I'nifi  fi  hi'/h  !ir<l  of  i/tdsf  iv'ifh  (iiid  \rith- 
oiit  fhcfric  lif/hfs  to  birds  ni(i(  rhuj  a  (hi/  nuish  r«ifi(/ii. 

Pen  1  (receivin<r  electric  lights  and  '2')  pei-  cent  yeast)  was 
superior  to  pen  2  ( I'cceivinji"  elect  I'ic  lights  and  no  yeast  >  in  vxcvy 
respect.  Significant  ditferences  wci'e  (piite  exident  with  re<iard 
to  body  wei<iht.  e^<i-  pi-oduction  and  si/e  and  weiirht  nf  e^'jis.  It 
should  be  noted  also  that  the  food  intake  was  somewhat  <ri'eater 
in  pen  1,  ann)untin<»'  to  ').,")()  lbs.,  more  |)er  bii'd  for  the  ten  month 
period  than  was  obsei'ved  in  pen  '2.  This  is  in  harmony  with  the 
findinf»'s  of  other  investitjjiators''- "  with  I'cji'ai'd  to  the  ai)petite 
])rovokin<>'  pi'0])erties  of  vitamin  K.  Pen  1  also  exceeded  pen  2 
in  efr?:  lU'oduetion  to  the  extent  of  ]2.')1  e^ii's  pei'  bird  oi'  sli<>htly 
over  one  d()Z(Mi  e<:ps  pel-  fowl  for  the  entii'e  (  xperimental  period, 
and  also  showed  a  significant  difference  of  ^MllO  •  O.b^VJ  ounces 
in  weijrht  of  ejr^'s  ])er  bird  ()er  month  or  1.S7")  i)ounds  of  e<i<is  for 
the  entii'e  experimental  j)eriod.  ruder  this  forced  e<z'^'  [)roduc- 
tion  with  electric  lijihts  the  birds  of  ))en  1  also  maintained  their 
body  wei<ilits  better,  there  bein|j:  a  si<:nilicant  difference  of 
2.2'^  r    ().4)iS  ounces  |)er  bird  ])er  month. 

The  bir(!s  in  ])en  2  wt're  layiii*:'  more  ej.i^s  than  those  in  pen  1 
durinji:  the  first  few  weeks  of  the  experiment  and   the  <'oet^ici«*nt 

'■•  Karr.  W.  ('.     I'roc.  Soc,  K\\,\ .  I'.iol.  Med.  17.  S4.     ir<20, 

'Sherman.  H.  ('.      The  \'itainines.  p.  !)i'.  (  lieinical  ('atalosue  Co.    1922. 
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of  vaiaation  was  ^mailer,  which   would  indicate  that    the  birds  in 
pen  2  were  iaxiin:   more  uniformly  durin;^'  that    time. 

j^'or  these  rea->ons  it  seems  plausible  to  coiKdude  that   the  yeast 
product    mil"'    lia\t'  -<liiim!aied   metabolic   procisscs   residtiuL!-  in   a 

,,.f,.;,|  ,.|'    ;i  npc!  I  I '■,     'Jl''';*'''!-    \iui\\      Wi'le'jlit     .ith!     ;,     i.-ir'.MT     niiiiin.   r    m! 
(.o'us  (if   ! ,:  i"j '  ■  r   - 1  /'  ■  ;i  lid    \\  I '  I  'J  i  i  I  . 

;J  W'lhlt     /nir'     (Inl     iln      ihil/n      In/ills     j  >  1 1 1  '  I  .' 

Ill  1  ji !  s  I  ,  ' !  I  p,  iri  -' '  1 1  111  ■_'  ii  M  I  p-  .\  I  ■  I  i  ,1  \  ' '  p'  M  L'  \\  li  h'  n  \\  ,1  ■>  d  is- 
ciissed  ai>o\c  and  pen  •">  which  \\a>  not  >ub.)ec!ed  lo  li;_;hls.  .NO 
\east  was  \'i'(\  to  either  of  these  lii'oups.  Tlie  results  seem  1(- 
itwlw.-.t,.  (Miit..  clcjirlv  iloil  llic  lioJiTs  bad  bot  one  beneficial  elVect 
(that  of  a  imii'e  eNcn  distribution  of  e^'<^"  yield),  the  ;jroups  de- 
j)ortin«2'  t  heins(d\'<'s  (piite  similarly  in  other  respects.  This  would 
tend  to  show.  ther(d'ore.  that  the  suju-riority  of  j>eii  1  over  pen  2 
was  not  due  to  electric  Tpjlils.  ()iir  observations  that  electric 
li'dits  had  little  et'fect.  other  than  t(»  idian^'e  the  distribution  of 
c<'(>-s  nrodnced.  is  in  liarmon\-  with  the  findings  of  other 
iiu'cst  i^ators." 

The  same  conclusions  can  lie  di-awn  in  tlu'  case  where  yeast 
was  fe(|  with  and  without  electric  li«_i'hts.  A  coni|)arisoii  of  pen  1 
with  pen  '■)  shows  no  siLinifica  nt  differences  in  fa\or  of  the 
li<>-hted  pen.  when  the  data  are  ti«:ured  on  the  ten  month  basis 
with  the  possible  exception  that  the  number  and  wei<^iit  of  e^'<^s 
laid  per  bird  seem  lo  appioach  siLinilicance.  More  e^'^'s.  how- 
e\'er.  were  laid  by  the  binU  of  pen  1  whi'ii  (  <:!i  prices  were  hi^li. 
namely,  in  the  late  fall  and  winter,  than  were  produced  by  the 
birds  of  pen  '-l.  llow«'\cr.  (dectric  li<jlits  were  responsible  for  a 
more  e\-en  disi  ribiit  ion  of  c!_.o    prorjiiction  throiiiihont    the  period. 

■  '■.     Ctnii  j)(i  I'lson  o!    i/t  (tsi  III   (iifjiniil  hnls. 

'idle  results  obtained  m  pens  :i  and  f.  where  yr-ast  \sas  \\'{\  at 
le\-els  appi'oximat  ini:  -•>  and  lo  per  cent  ot'  the  ration  can  be 
compared  with  pen  '■'>  which  I'cceixed  no  \east.  .Ml  uroupv  were 
\v{\  (\v\    mash    ;ind    were   not    subjected   to  eleclric    li^^hts. 

^   ( ;i  )    Kice.  .1.    I-;       'lie     C-i    oi     \rt;!i(i;;;    l.mlit    io    iTicrtasc   Winter    ll^ii 

\    ]■',.     p.'ii.iidc    l'(iiiltr\    .)iiiii'!!;(l .    |);i\I<)li, 


I 


1  .",   ;i  I . I 


Production,  pj).   In.   11 
Ohio.     1921. 

(1))    Lewis,   H.  li.      Mini:-   lo   I'm:  li  i'\  int  n,   .\    .1.   \\\\)\ .   Siation   Circular. 
Vol.  9.  .\().   1.     1920 
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In  c'()inj)a]'iii,i''  pen  :i  with  [wu  4  wo  find  tlint  |)('n  ii  consumed 
more  foo(i.  In  view  of  tlie  fact  tliat  pen  4  showed  a  si<rnifieant 
increase  in  c^o"  pi-oduction  and  weight  (d'  c^<i's.  wc  are  led  to 
(•o?ic]ii(h'   llial    the  (lifTei-eiice   is  dlie   to    tile  sil  [  x'I'iol'   physie;d    eoti- 

(iilion  of  the  hird-  in   pen    I    rnlhcr  ih.iii   lo  .t!i\'   uiide'-i  ral)!''  ettVci 
due  to  the  h-(r<i'er  aiiMMint   <d'   vea>t    iiiiii'sled    hy    pen   '.\. 

AVheii    pen   ;*.    ' -■)   pi'C  cent    yeast       i^  eoin  |ia  i<'d    with    pen   •)    i  nu 

A'(';isl        the    [•<'>i|lls    ;iiT    ni'if''    i-oM  e  i  1  |s  i  \  . '.        W'hlh'    no    diifefrner    Was 

noted   in   e^'^-  prodiiei  ion.   pen   o   produced    .onitw\hat    hiriitT  and 
heaviei'  e<i*is  and  ale  more  food. 

A  comparison  of  pen  4  (1.")  per  ceul  xcasi  i  and  j)eu  .")  ( lu) 
yeast)  is  somewlud  surprising-  in  \iew  of  tlie  results  obtained  in 
pens  1  and  12  for  the  I'cason  that  no  si<j^niticant  dilT'erences  were 
evident  in  food  intake.  Si<initicant  ditfei'cnces  are  ai)parent, 
however,  with  I'c^'ard  to  e***]:  ])roduclion,  wei<:ht  of  c^<i's  and  ])ody 
wei*^ht  of  ])irds  in  favoi"  of  the  yeast   fed  ])('U. 


i.    Com  pdrisoii  of  p(  )is  r<c(!r)H</  in  I  o  iid  (hij  nnisJi. 

Both  ])en  ()  (wet  mash  i  aud  pen  ;>  (dry  nnish  )  received  yeast 
and  holh  were  U'd  under  nornud  conditions.  It  appears  that 
direction  of  ditt'ei'cnee  is  in  favor  (d"  the  wet  mash  in  most  cases 
althon<ih   the  diffei'cnecs  ai'c   not    hiomet  I'ieally   significant. 

Practically  the  same  results  aj)|)eared  in  pens  4  and  7.  IN'ii  7 
I'cceived  wet  mash  and  yeast  which  was  \\'(\  at  1")  |)er  cent  l('Vt4. 
Pen  4  received  the  same  ration  with  the  e.\ce|)tion  that  the  nnish 
was  fed  in  the  dr\'  state. 

The  mash  fed  (wet  )  to  pen  S  seemed  to  he  somewhat  supei'ior 
to  the  same  mash  U'd  (di-y  )  to  |)en  .").  inasmu(di  as  the  ei^'^'s  wer<' 
somewhat  lar^'cr  in  si/e  and  wci^rht  and  the  body  wei^'iits  of 
birds  were  somewhat  greater.  We  believe  this  to  be  due  to  the 
hetero<^'eneity  of  these  bii'ds.  K<:'^'  pi'odiietion.  howcNcr.  was 
j)ractically  the  same  in  both  jx'us. 

~).     The  ( .r])<  rhn(  nl   irith  In  }is. 

The  yeast  U'd  |)en  ate  more  food  ami  laid  e;.'<i's  that  were  some 
what    longer  and    heavier   than   the   conti'ol    jxn.      it    is   also   ap- 
parent   that   the   individuals   in   the  yeast    \\'(\   <rroup   maintained 
tlieir  bodv  weiizhts  better. 


Y/jAsr  AS  A  SI  rpij':Mi:\'r  vo  la  vim;  ration 
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it  seemed  achisable  to  exandne  the  data  with  I'cd'ei-ence  to 
finaiu'ial  iH'turns.  l^^xandnat ion  of  Table  II  would  s(M'm  to  indi- 
cate that  tliere  was  little  <u'  no  finaneial  advantaji'c  in  feeding' 
the  N'east    produet.      When   these  data   wi'i'e  treated   bioiiiet  rieally, 

it    w;i>  round   thai    ni;it!\    <:]'  ihe-c  d  i  iVefenef--   w.tc   mhI    -~i  un  i  fie;i  n  t . 


\  i;i  I    II 


t  i\|  I      (  )  ■,    I    l;     I'"  !    I    !  I    •     I  I  -   1   -     I   I  '  !.-      I'  I    \      Ml  I  \ 


\i.i-h 

I''  1-  e,.||f 

l-Ml.ll    I'rr.l 
(  'ilSl 

■\-,ii,-  :.r 

1  ■.Mil   (  '.,^1 

ei  i.i.!' Is 

1 

dry 

25 

$i.:;l'7 

$4.:iOS 

$2,981 

•  > 

(Ir.v 

none 

0.9!»:; 

:;.89!> 

2.88(5 

•  ) 

dry 

25 

1.2S:! 

;5.248 

1.9(55 

4 

dry 

15 

1.1  *;l' 

:;.7r,2 

2.590 

") 

dry 

none 

l.OO't 

:!.292 

2.28:^ 

(i 

wet 

25 

1.288 

.•{.584 

2.29(5 

1 

wet 

ir» 

1.201 

:;.707 

2.50(5 

8 

wet 

!!one 

1.019 
]ii;\s 

:;.424 

2.405 

9 

dry 

25 

i.4ir, 

:!.S80 

2.4()5 

10 

dry 

none 

I.IK) 

;:.717 

2.G01 

The  |uiees  of  the  various  inufedients  enter-jno;  juto  the  rations 
were  taken  fi'om  the  actual  cost  (d'  these  inui'cdients  delivered  at 
the  experiment  station.  Throu'jhout  the  year  the  fnul  prices 
varied.  Hence,  it  was  necessary  to  conipid<'  the  cost  of  feed  for 
each  pen  by  the  month.  Tlu^  j)!'ice  of  the  followinjx  arti(des  did 
not  chan<re  throu'Z'hont  the  year;  for  exam|)l".  y(>ast  I'cnnnncd  at 
$0.0625  per  ))ound,  be(d'  scra]i  at  .i;().()47.')  |)er  j)oini<l.  <irit  at  $0.9n 
per  100  pounds  ami  oyst«n'  shell  at  $1.0.")  ])er  100  ])ounds.  All 
ogrgs  were  sold  in  Xew  V(U'k  City.  Ther(d*ore.  tlu^  ])i-ices  upon 
which  these  calctdations  are  based  are  the  avera;je  Xew  York  net 
prices  per  month  throu<2hont  tln^  year. 

In  analyzinii'  the  dit'ferenees  (d"  the  \arious  iz'roupiuLrs  oi'  pens 
with  reuard  to  income  over  t'ca]  costs,  the  following-  |)oints  are 
evident  : 

Pen  1  showed  a  slight  advantaj^'e  in  income  over  i'vcd  costs  ovei' 
Pen  !2,  but  did  not  <z"ive  a  corres|)ondi!i<j  increase  in  profit  by 
feedino'  hi^'li  lexcls  (d'  yeast  product.  That  is.  thei'e  is  no  siiiiiifi- 
canl  diffei-enee  in  the  incojne  dver  fee*  I  costs. 


Pen  2  showed  an  inrm.se  in  income  over  i'eed  eosts  i  l.v  tl..'  uso 
,„■  ,,,,trie  li<rl.ts>  as  .ouM.nre.l  will,  I'eu  ^  (without  eleetne 
lights,  hut  tiie  .litrerenee  wn>  .mm  of  sunie,.M.l  n,a...ilnde  to  he 
s!<ii. i lira  111 . 

(■  I  1        •,.     .-nMlD'H'cl     W  III'     l'''M    :'.     '   Witholll     ehM'l.K' 

j.oht.      hill    r.'ll    :S   MHh'iv,!    tl-o.l.    (l.sr;i.r   inol-   .e\.Mvlv. 

.liflVrenr.    in     .nr,,.n.'    nvrv    I'...!    eo<ls    as    mn.paie.l    with     1  en    o 
whidi  m-eive.i  2.')  per  eent  yeast  i).'odnrt  in  the  ration. 

Pen  3  did  not  show  a  sio-nitieant  ditlVrenee  in  meonie  over 
feed  eost  as  eompan-d  with  Pe..  :>  whi.-h  reee.v.Ml  no  y<>as, 
prodiiet.      Here  the  odds   were   in    favor  of   I'en    :>  althouol,   they 

were  not  si<»niHeaTit. 

Pen  4  (with  IT)  per  eent  yeast  pnMluel  )  sIiow.mI  a  .litl.-renee  m 
income  over  feed  costs  in  its  favor  as  c.mipared  with  IVn  -). 
These  resnlts  approach  si|i'niticance. 

Pen  7  (receiving  IT,  p<'r  c(-nt  yeast  i)roduct  )  did  not  show  a 
sicndficant  difTerence  in  income  ove.'  feeds  costs  as  conii)ared  with 
Pen  S.  which  received  no  yeasl  pro.lnct.  Here  the  o(hls  are  m 
favor  of  Pen  7.  \n\\  are  not   sijjnificant . 

Pen  (i  freceivin-'  2')  ].er  cent  yeast  prodiid  .  faih-d  to  sliow  a 
significant  difrerem-e  in  income  over  \'riH\  costs  as  c.mipared  witii 
Pen    S.      Here    the    o(hls    are    in    favor    of    Pen    S.    hut    are    not 

sifrnifieant. 

There  was  no  sioiiiHcaiit  .liffercnce  in  income  over  feed  costs 
between  Pens  (•;  and  7.  indicat itn-  that  there  was  n(»  a<lvanta-e 
in  feedinfi' tlie  hir^icr  amount  of  yeast  jiroduct. 

There  was  no  advanta«.-e  in  feeding-  wet  mash  as  coni|)ared 
witli  dry  masli  as  far  as  income  nver  fecMl  c<,s1s  was  concerned. 
Two  cases  were  in  favor  of  wet  masli  i  Pens  (i  and  S)  and  one 
case  (Pen  4)  was  in  favor  of  dry  masli.     No  sionificauce  can  he 

attached  to  tlie  results. 

There  is  uo  si<rniticant  ditrereiice  in  income  over  U'ri\  costs  ii. 
either  of  the  pens  in  which  hens  were  maintaine(l. 


S(!M  MWIV 

1.     Hi*rht  p<'ns  (»f  White  Le<!horn  pullets,  containin*:-  foi-ty-five 
pullets  ])vv  j)en.   were   \'i'i\   wet   and   i\vy   mash    rations   with   and 


YHAST   AS    A    SI  PrLHMIJS'r   TO    LAYISd    /M770A  -JK') 

without  a  commercial  yeast  conlainin;^' corn  meal  and  under  nor- 
mal and  ai'litiicial  li^htin«>'  conditions.  Or.e  pen  of  forty-five 
liens  was  \'v(\  the  control  ration  while  another  j)en  of  hens  was 
l',.(l  the  control  ration  supplemeiiled  with   xcast. 

v»      'I'll,.     ImtiIn     w.tc     afr;i!i'j''d     in     as     hniiKMjciiceiiN     ;iii(|     (muii- 

I,.||.;,l,l,.     .jr(.il|>^     a^     rduld     !>•■     ,!(.ti.^     IIIld''r     lli-     r(  ,|!    i  1 1  i;  ai^     n!      llir 

,\  pen  ite'til  . 

;;      |);ii;i    \xryr   ,M,nccl.d    (Ml       1       f«MMJ    iiilakc      '2      Ik'Ix     wei-hi 

('5)    ,.nn'    pr.,,iiirli(iti        I       loi;d     wci-jhl     (if    e-j--     (  T)  j     h-ii-lii    ;mim 

widtii  (if  eu'-js  I  til    weight   of  !i.d.\idiial  c-^sa.id    '7-    in<-< '  o\.'r 

[\'i'(\  costs. 

4     Tlw  (hit;i    w<«re   treated    hiomet  rica  11 V    usinj^-  Student's   and 

Pearson's  formulas. 

,').    The  experiment  was  conducted  for  ten  months. 

(i.     An   epidemic  of   roup   and    canker   ran    through    the   entire 
cohiiiN-  dnrini!'  the  experiment. 


CONCl.l    SK  ).\S 

1.  Pullets  and  hens,  not  forced  for  ejii:-  production  and  under 
iii.t.iral  conditions,  employini:'  a  •i'ood  i-atioii  with  adeipiate  yards. 
,li,l  not  appear  \i\  need  an  additional  aii.oiint  of  vitamin  !>  to 
iiiainlain  their  e^zu'  produclion  and  hod\-  weight. 

'2,  111  most  of  the  expi'i-imenlal  liro.ips.  ll.e  pullets  and  hei.s 
which  were  U'^l  yeast  ate  sli^'hlly  moi-e  food  and  produceil  more 
c<.(.s  The  hens  and  i»iillets  which  received  xcast  maintaineil 
tlieii'  hody  weiiihls  ill  a  mire  sal  isf;ictory  manner  than  those 
which  di<l  not   receixc  the  yeast . 

;>.  ^■east  had  a  distinclly  henelicial  effect  when  White  Pe«^-- 
horn  pullets  were  forced  to  iinder«_i-o  a  loinjcr  feedin«^'  and  exer- 
cising' period  hy  the  Use  of  artificial  lii^ht.  I'nder  these  condi- 
tions pullets  de\('loped  heller.  laid  n.ofe  eil'^s  and  the  e.i:L's  wel'c 
lai'^'cr  and  heaxier.  ll  is  possible  under  these  conililioi.s  ihat 
the  vitamin  P>  conleni  of  <jo(;d  |)oultr\-  rations  is  not  aih'fpmte 
for  maximum  I'esults. 

\.  While  cost  data  wfre  collected  1  hroiiLiho.it  the  entire  ex- 
periment, we  hax'e  pui  jiosely  omitted  any  discussion  (d  such  data 
for  the  reason  thai  it  is  evident  that  the  yeasj  was  fe(I  at  le\els 
iinich  hiiiher  than  would  he  necessjiry  in  practical  po.iltr\- 
pract  ice. 
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The  Preparation  of  Cider  Vinegar 

By  H.  B.  Pierce 

The  most  important  part  of  making  cider  vinegar  lies  in  the  use  of  clean 
utensils  and  barrels.  Old  barrels,  kegs,  or  other  containers,  as  well  as  the  cider 
press  itself,  harbor  many  types  of  undesirable  bacteria  and  molds  unless  all 
articles  of  equipment  have  been  properly  cleansed  and  sterilized  before  use. 
These  undesirable  bacteria  and  molds  produce  the  wrong  kind  of  fermentation 
and  instead  of  changing  the  apple  sugars  into  alcohol  and  acetic  acid,  they  may 
bo  changed  into  worthless  products,  thereby  producing  an  unmarketable  vinegar, 
low  in  acid  and  poor  in  flavor. 

Before  using,  the  cider  press  should  be  scrubbed  thoroughly  with  soap  and 
hot  water,  and  finally  rinsed  with  plenty  of  boiling  water.  The  barrels  should 
be  rinsed  out  and  scalded  with  boiling  water  or  live  steam,  if  the  latter  can  be 
obtained. 

Avoid  the  use  of  rotten  and  dirty  apples  because  (1)  undesirable  bacteria 
and  molds  will  be  introduced  and  bring  about  the  improper  changes  mentioned 
in  the  preceding  paragraph,  and  (2)  the  sugar  content  of  the  apples  decreases 
when  they  begin  to  decay,  which  will  limit  the  amount  of  alcohol  formed.  The 
amount  of  sugar  varies  from  7  per  cent  to  15  per  cent  according  to  the  variety 
of  apples,  degree  of  ripeness,  etc.  Green  apples  contain  scarcely  any  sugar, 
but  much  starch,  whereas  ripe,  sound  apples  contain  the  maximum  amount  of 
sugar.    If  the  apples  have  been  frozen,  use  them  before  they  start  to  spoil. 

The  juice  of  the  apples,  as  it  comes  from  the  cider  press,  should  be  fil- 
tered through  clean  muslin  or  several  thicknesses  of  cheese  cloth,  into  clean 
barrels  or  containers.  If  barrels  are  used,  do  not  fill  them  over  two-thirds  to 
three-fourths  full.  Cover  the  bung  holes  of  the  barrels  with  cheese  cloth  or 
muslin,  tacked  down  to  keep  out  flies  and  dirt.     A  cotton  plug  may  be  inserted 
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in  place  of  the  muslin  or  cheese  cloth.  If  jars  or  crocks  are  used,  keep  them 
well  covered  to  prevent  any  contamination  with  vinegar  flies  by  tying  a  piece 
of  muslin  over  the  top  of  the  container.  Alcohol  cannot  form  unless  the  apple 
juice  has  a  sufficient  amount  of  air  available;  for  this  reason  barrels  should  be  I 
placed  on  their  sides,  as  this  leaves  a  greater  surface  exposed  to  the  air.  Addi-  i 
tional  holes,  one  at  each  end  of  the  barrel,  may  be  bored  to  allow  greater  cir- 
culation of  air.    These,  too,  should  be  covered  with  cloth  or  plugged  with  cotton. 

To  hasten  the  formation  of  alcohol,  one  cake  of  yeast  may  be  added  for 
every  five  gallons  of  cider.  This  should  be  done  in  the  following  manner:  Boil 
about  one  i)int  of  water  to  destroy  undesirable  bacteria  and  molds  and  allow 
till'  waUT  to  cool.  Dissolve  the  rc(iuircd  nvnnbcr  of  \cast  cakes  and  ])our  the 
niixtuie  into  the  cider.  Tip  tlie  barrel  several  tnnes  to  distnbnte  the  >  east  uni- 
lornily  thiou.^h  the  cidtT,  and  during  the  fiTinentation  iJioce-^s  keep  the  cider 
in  a  warm  |)lace  at  a  teini)erature  o!  from  (>?  to  7(1  I'-ahrenheit.  'iliis  greatly 
shortens  the  ftrmeniat ion  period  coni]>ared  to  that  re(innad  in  the  a\era,L;e  cel- 
lar, and  yet  the  temperature  is  not  high  eiKJUKli  t(j  cause  undesirable  lermenta- 
tions  or  the  loss  of  alcohol  by  evaporation. 

Some  people  believe  that  cider  can  be  left  in  the  original  container  during 
the  whole  fermentation  process,  while  others  believe  the  cider  should  be  re- 
moved in  from  four  to  six  weeks  and  the  sediment  and  sludge  washed  from 
the  barrels.  While  the  former  process  may  be  satisfactory,  it  often  happens 
that  this  sediment  may  undergo  decomposition  and  spoil  the  flavor  of  the 
vinegar. 

Two  to  four  quarts  of  old  vinegar,  containing  more  or  less  "mother,"  may 
now  be  added  to  the  hard  cider  in  each  barrel.  Do  not  add  old  vinegar  to  the 
fresh  apple  juice  as  alcoholic  fermentation  must  take,  place  first.  The  barrels 
or  containers  should  be  kept  in  a  warm  place,  the  same  as  during  alcoholic 
fermentation.  The  barrels  should  be  left  undisturbed  for  three  to  five  months. 
At  the  end  of  that  period  the  vinegar  may  be  drawn  off  and  placed  in  clean 
barrels  or  containers.  These  containers  should  be  filled  and  well  stoppered  to 
prevent  any  contamination.  Under  these  conditions  the  vinegar  should  keep  per- 
fectly. 

No  cider  vinegar  may  be  sold  in  Pennsylvania  if  it  contains  added  drugs  or 
acids.  Water  may  not  be  added  to  the  vinegar  if  it  reduces  the  acetic  acid  to 
less  than  four  per  cent  by  weight.  The  only  safe  rule  for  the  farmer  to  follow, 
if  the  vinegar  is  to  be  sold,  is  to  make  his  vinegar  from  the  apple  juice  and  add 
no  water.  F^ach  cask  or  barrel  must  bear  a  statement  similar  to  the  follow- 
ing. "Cider  Vinegar  made  by   (Name)    (Address) 

"     This   information   may   be   placed   on  the 

cask  or  barrel  by  the  use  of  stencils,  or  by  tacking  a  card  bearing  the  informa- 
tion on  each  container.  If  these  specifications  are  observed,  no  chemical  analyses 
of  the  vinegar  need  be  made. 

When  vinegar  has  been  frozen,  no  portion  of  it  should  be  drawn  off  for 
sale  until  the  frozen  portion  has  been  thawed  and  the  entire  contents  of  the 
vat  or  barrel   thoroughly  mixed  so  as  to  restore  the  homogenous   character  of 
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the  material.     When   vinegar   freezes,   there   is   a   separation   of    the   acetic   acid 

d  water,  the  acetic  acid  freezing  first  and  settling  to  the  bottom  of  the  bar- 

•1    with  the  result  that  the  upper  portion  of  the  licpiid  would  not  contain   the 

leKal  amount  of  acetic  acid,  while  the  lower  portion   would  contain  acetic  acid 

in  excess  of  the  legal  requirement. 

To  summarize:     Some  of  the  conditions  which  produce  low  grade  vinegars 

are: 

1.  Poor  apple  juice.  This  means  the  juice  does  not  contain  enough  sugar 
to  produce  the  required  acetic  acid.  The  use  of  unripe  apples,  partially  decayed 
fruit  the  normal  juici'  which  has  been  watered,  or  i)omace  which  has  been 
soaked  wnii  water  and  ])ie^>((l  ,i.  ^eeond  time,  uives  a   pool    juh  e. 

2.  Storing  the  apple  juice  at  too  low  a  temperature.  (Juite  often  the  cider 
is  i)laccd  in  a  coo!  cellar,  where  the  process  of  vine.u.ir  formation  may  retiuire 
\\\i)  ov  three  \a'ars.  Ignorance  of  this  fact  may  re^^nh  in  the  maker  i>la<  ini/  his 
product  on  the  maiket   before   it   is  sour    (acid)   enoii}.i;h. 

3.  Lack  of  air.  Acetic  fermentation  requires  air.  If  barrels  are  filled  too 
full  or  if  the  bung  is  tightly  stoppered,  air  is  excluded  and  acid  is  not  formed. 

4.  Unsanitary  conditions.  These  favor  the  growth  of  undesirable  bacteria 
and  molds  which  destroy  the  vinegar.  After  the  vinegar  is  sour  enough,  the 
containers  should  be  completely  filled  and  tightly  corked. 

5.  Freezing.  This  causes  a  separation  of  the  acetic  acid  and  water.  The 
water  portion  may  be  drawn  off,  leaving  a  large  amount  of  acetic  acid  in  the 
barrel.    The  liquid  drawn  off,  therefore,  would  have  a  low  acid  content. 


Distributed  in  furtherance  of  the  purposes  of  the  Cooperative  Agricultural  Exten- 
sion Work.    Acts  of  May  8  and  June  '?0,  1914 


[Reprinted  from  Journal  of  Chemical  Education, 
Vol.  II,  No.  2.      February,  1925.] 
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THE  TEACHING  OF  BIOLOGICAL  CHEMISTRY* 

R    Adams   Di'Tchhk,   Dici'aktmhnt  of  AcKicii/riKAi.  a.nd   lii(;L()(;iCAi.  Chkmistkv, 
Pknnsylvania  State  Cou.eoe,  vState  College,  Pa. 

A  few  weeks  ago  Dr.  Gordon,  your  Chairman,  wrote  me,  asking  if  I 
would  be  willing  to  lead  a  discussion  of  the  topic  which  is  now  before  you, 
i.  e.,  "The  Teaching  of  Biological  Chemistry."  Without  giving  the  matter 
further  thought,  I  foolishly  consented,  thinking  that  I  would  discuss  the 
teaching  of  Biological  Chemistry  from  the  view  point  of  the  so-called 
"Agricultural  Chemist."  Had  I  known  that  Biological  Chemistry  was  to 
be  discussed  in  contradistinction  to  Agricultural  Chemistry,  I  am  sure  that 
I  would  have  demurred,  for  the  reason  that  I  have  had  little  or  no  experi- 
ence outside  of  the  Agricultural  field.  When  I  discovered  my  error  it  was 
too  late  to  notify  your  Chairman,  consequently  I  decided  that  I  would  do 
my  best  to  raise  a  few  questions  which  might  stimulate  discussion.  I 
must,  however,  discuss  the  teaching  of  Biological  Chemistry  from  the  stand- 
point of  the  biochemist  who  is  employed  in  a  vSchool  of  Agriculture,  and  who 
is  confronted  with  problems  quite  different  from  those  which  confront  the 
biochemist  in  a  medical  college. 

If  you  will  pardon  me,  I  am  going  to  take  my  own  institution,  The  Penn- 
sylvania vState  College,  as  an  example  and  show  you  some  of  our  problems. 
Our  organization  is  such  that  all  biological  sciences,  zoology,  botany,  plant 
physiology,  plant  pathology,  bacteriology,  etc.,  are  in  the  vSchool  of  Agri- 
culture. Furthermore  all  Biological  Chemistry  is  taught  in  the  Depart- 
ment of  Agricultural  and  Biological  Chemistry.  We  have  therefore,  five 
general  types  of  students  for  which  our  courses  are  designed,  i.  e.,  students 
majoring  in  (1)  Agriculture,  (2)  Home  I{conomics,  (3)  Pre-Medicine, 
(4)  Agricultural  and  Biological  Chemistry  and  (5)  Sciences  other  than  chem- 

*  Read  in  the  Division  of  Chemical  Education  of  the  American  Chemical  Society 
at  the  Ithaca  Meeting,  September  11  (1924)  during  the  discussion  of  the  report  by  the 
Committee  on  "The  Teaching  of  Agricultural  Chemistry."     vSee  This  Journal,  1,  177 

(1924). 


128 


Journal  of  Chemical  Education 


February,  1925 


Vol.  2,  No.  2 


The  Teaching   op  Biological   Chemistry 


129 


istry.  I  am  enumerating  these  facts  because  I  feel  that  opinions  are  often 
influenced  by  environmental  conditions  and  in  our  case  our  opinions  and 
methods  are  bound  to  be  influenced  by  the  types  of  students  we  teach  and 
their  respective  needs. 

Before  continuing  with  my  discussion  it  is  only  fair  to  state  that  I  have 
been  unable  to  differentiate  between  Agricultural  and  Biological  Chem- 
istry. The  longer  I  work  in  this  field  the  more  I  am  coming  to  the  belief 
that  Agricultural  Chemistry  courses  are  undergoing  a  gradual  transition. 
In  fact  it  is  safe  to  say  that  there  are  very  few  courses  olTered  in  Agricultural 
Chemistry  today  that  can  be  classified  as  strictly  agricultural.  Aside 
from  certain  courses  emphasizing  the  purely  analytical  pliases,  practically 
all  agricultural  chemistry  is  biological  chemistry. 

It  was  not  so  many  years  ago  that  a  course  in  Agricultural  Clieniistrv 
meant  the  routine  estimation  of  crude  protein  in  feed,  solids  in  milk,  or 
phosphorus  in  a  fertilizer.  These  and  similar  determinations  were  ends  in 
themselves.  Today  they  are  but  tools  and  their  old  importance  is  gradu- 
ally diminishing.  I  du  nut  wibli  to  leave  the  impression  that  I  am  be- 
littling analytical  training  for  I  consider  it  one  of  the  most  valuable  types 
of  training  the  student  can  obtain.  I  wish  to  emphasize,  however,  that 
we  are  paying  greater  attention  to  the  biological  applications  of  chemistry. 
Our  modern  student  in  Agriculture,  Home  Economics  and  Medicine  is 
coming  to  us  with  excellent  foundations  in  botany,  zoology,  physiology, 
bacteriology  and  genetics.  As  a  result  the  biochemist  has  found  it  his 
opportunity  as  well  as  his  duty  to  stress  the  apphcations  of  his  science. 

Furthermore  our  progressive  departments  in  animal  husbandry,  agron- 
omy, horticulture  and  dairy  husbandry  are  demanding  specialized  courses 
in  chemistry  with  requests  that  we  give  their  students  all  the  theory  that 
they  can  assimilate  but  that  we  keep  their  respective  lines  of  specialization 
in  mind  with  regard  to  illustrative  material.  As  a  result  we  (and  others) 
have  very  successful  courses  in  phytochemistry,  soil  chemistry,  dairy  chem- 
istry, enzyme  chemistry,  and  the  chemistry  of  foods  and  nutrition.  All  of 
these,  without  exception,  are  taught  from  the  viewpoint  of  the  biochemist 
but  with  biological  and  agricultural  applications.  One  of  our  very  success- 
ful new  courses  "The  Physical  Chemistry  of  the  Cell"  is  an  example  of  the 
trend  of  the  times.  A  "pure"  physical  chemist  could  not  teach  a  course  of 
this  type,  for  his  students  would  possess  a  knowledge  of  biology  superior 
to  that  of  their  teacher.  The  same  principle  holds  true  in  many  other  lines 
of  biochemistry.  In  such  courses,  an  instructor  must  not  only  be  well 
trained  in  chemistry  but  he  must  be  better  versed  than  his  students  in  the 
vocational  phases  or  the  biological  phases  of  the  subject. 

The  same  general  viewpoint  is  maintained  in  our  courses  for  girls  in  home 
economics  except  that  food  values,  food  preparation,  health  and  hygiene 
are  the  pegs  upon  which  we  hang  our  fundamental  chemistry  and  biology. 


It  is  no  longer  possible  for  a  physiological  chemist  trained  in  animal 
biochemistry  to  teach  a  course  in  phytochemistry  to  juniors  or  seniors  for 
the  students  may  have  had  excellent  training  in  botany,  mycology,  plant 
physiology  and  plant  pathology.     Biochemistry  is  becoming  specialized. 

Our  viewpoints  are  changing  very  rapidly  regarding  the  teaching  of  dairy 
chemistry.  Now  we  recognize  milk  as  a  biological  fluid.  We  are  interested 
in  its  biological  origin.  We  not  only  analyze  it  but  we  separate  and  study 
its  proteins,  we  examine  it  with  the  ultramicroscope,  the  cryoscope  and  the 
viscosimeter.  We  are  interested  in  isoelectric  points  and  enzymes.  This 
is  not  the  dairy  chemist r\'  of  a  decade  ago  an<l  I  aui  wondering  if  we  can 
call  it  "Agricultural  Chemistry." 

In  physiological  clieniistry  the  same  \-oeatioual  or  specialization  interest 
is  catered  to.  TIktc  is  a  decided  tendency  in  all  of  these  courses  to  em- 
phasize more  theoretical  or  pure  chemistry  than  was  the  case  ten  or  twenty 
years  ago.  The  chemistry  and  physics  of  the  colloidal  state  is  influencing 
classroom  and  laboratory  work. 

In  most  ot  our  biochemical  courses  we  find  that  a  judicious  mixture  of 
qualitative  and  quantitative  laboratory  work  gives  the  best  results.  Stu- 
dents lose  interest,  as  a  rule,  in  purely  ciualitative  work.  Quantitative 
work  gives  the  best  training  so  far  as  precision,  neatness  and  accuracy 
are  concerned  but  well  planned  qualitative  tests,  isolations  and  syntheses 
offer  excellent  opportunities  for  introducing  many  new  principles  and  theo- 
retical applications  in  a  short  period  of  time. 

Classroom  material  is  presented  as  often  as  possible  from  the  standpoint 
of  research  and,  above  the  sophomore  year,  with  the  frequent  use  of  original 
literature.  In  my  experience  every  child  is  born  with  the  inherent  curi- 
osity which  prompts  the  demolition  of  the  watch  to  see  its  wheels  go  round 
and  although  most  of  this  attitude  of  mind  is  lost  by  the  time  the  student 
reaches  college,  most  of  our  students  become  very  much  interested  in  finding 
out  how  scientific  investigations  develop  This  is  one  type  of  outside  work 
that  usually  brings  results. 

In  conclusion  I  will  say  that  it  will  never  be  possible  to  standardize 
teaching  nor  is  it  advisable  to  try.  One  instructor  will  obtain  excellent 
results  by  the  use  of  methods  and  materials  that  would  fail  in  the  hands 
of  another.  We  can  all  agree,  within  certain  limits,  concerning  the  sub- 
ject matter  to  be  covered  in  various  courses,  we  can  exchange  ideas  and  ex- 
periences and  benefit  thcre])y,  but  that  is  as  far  as  we  will  be  able  to  go. 
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le   condition    seemed    to   grow    worse 
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instead  of  improving,  and  he  gradually  developed  congesti<Mi 
of  the  bronchi,  with  painful  and  oppressive  breathing,  accom- 
panied by  a  wheez.ing  sensation  and  expectoration  of  mucu>. 
Swelling  and  stiffening  of  various  joint>.  particularly  those 
1   legs,    (leveloi)e(l,   accompanied   by    pains    sim- 
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ilar  to  those  exi)erienced  in  grip,  nocturnal  paroxy>m>  ot 
sutfocation  accompanied  by  labored  breathing,  cold  perspira- 
tion, vomiting,  violent  aching  of  the  jaw>  and  teeth,  which 
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Mr.  S.  noted  that  his  condition  was  improved  on  entering 
the  open  air.  and  during  the  period  from  Saturdax  noon  until 
Monday  morning,  when  he  remained  awa\  from  the  labora- 
tory. On  entering  the  lal)orator>'.  however,  there  seemed  to 
be  an   increase    in    the    severity    of    his    symptom.^.      One    da> . 
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while  ho  was  conducting  a  chiss  in  laboratory  work,  a  student 
began  sifting  some  castor  liean  lipase  preparation,  and  Mr.  S. 
immediately  became  so  affected  that  it  was  almost  impossible 
for  him  to  breathe.  He  at  once  suspected  that  he  was  sensitive 
to  the  castor  bean.  Later,  during  a  period  when  the  castor 
bean  problem  was  not  being  worked  on  and  the  laboratory 
was  thoroughly  cleaned,  a  rapid  improvement  in  his  health 
ensued,  and  after  several  montiis  the  symptoms  entirely 
disappeared. 

Case  2. —  Dr.  A.,  in  company  with  several  students,  spent 
an  afternoon  cleaning  up  the  stuall  lalxiratory  in  which  the 
castor  bean  li])ase  preparation  had  been  sifted.  Considerable 
(lust  was  raised  during  the  jjrocess  (if  cleaning,  and  after  the 
lask  was  ("omitlchMi  xrvcral  o!  ibc  •-tiidtiitN  ciigagcd  iii  ihc 
(  I'ciatii '11  (  \i)rn(  IK  (,(1  iiiaikc*!  iiritali'ii  (^t  the  innCdUs  mciii- 
I'laufs  nt  ilu  iiiiNc,  tliTdat  and  (_\r-.,  this  ci  nidit  ion  l)einL; 
arci  >iii]tani(<i  1>,  \ii.!riil  -lUf/ing,  idu,uli)ii,L;  a'ld  Imnnnw  -.cnsa- 
tioiis.  '!  be  l.i'iiowiim  111:  riiiiiu  I)!'.  \.  \\,i^  lakni  \iol;'ntl\  i!l. 
(•<  ■nii)la!i.Mi,u  Ml  ii-ti  i;-(  alMldiimial  ]iaiii-.  <•]■  .ranipN  and  (-..Id 
sweats,  extreiiie  \ominng,  <liarrliea  and  buinuig  ot  the  stom- 
ach, headache  accomi)ani(,'d  l,>y  sexare  prostration,  1)oiu'  i)ains 
with  considerable  stiffness  of  the  joints,  snee/ing  and  coughing 
with  irritation  of  tiie  tuucous  membranes,  and  more  or  less 
fever.  '1  hese  symptoms  extended  over  a  period  of  several 
days,   after   which   they   gradually   and   completely    di.sappeared. 

Cask  3.  — Mr.  P.,  a  medical  student.  ])ecame  interested  in 
\hc  stu.dy  of  the  castor  bean  lipase.  He  spent  several  days 
preparing  the  ricinus  lipase  from  the  castor  beans,  by  hulling 
and  macerating  them,  extracting  the  fat  by  the  use  of  ether, 
and  finally  drying,  pulverizing  and  sifting  the  tinished  product. 
After  a  time  he  experienced  a  dull  headache,  later  accompanied 
by  occasional  sneezing  and  coughing,  with  a  peculiar  dry 
biirning  sensation  in  the  nose  and  throat,  and  a  slight  itching 
of  the  skin  at  points  at  which  the  castor  bean  material  had 
been  brought  in  contact  with  his  hands  and  arms.  These 
symptoms  gradually  became  more  severe,  the  coughing  and 
sneezing  liecoming  extremely  violent  and  continuous,  while 
the  irritation  and  edema  of  the  mucous  membranes  of  the 
nose,  throat,  ears  and  eyes  increased  very  rapidly.  His  condi- 
tion gradually  became  worse.  A  congested  condition  of  the 
bronchi  developed,  accompanied  by  a  hard,  suffocating,  con- 
tinuous cough,  hoarseness,  raw  feeling  in  the  throat,  pains 
in  the  chest,  and  nocturnal  paroxysms  of  suffocation  occurring 
usually  about  2  a.  m.,  with  difficult  breathing  and  cold  per 
spiration.  I^he  symi)toms  were  accompanied  by  severe  attacks 
of  abdominal  pains,  alternate  diarrhea  and  constipation,  vio- 
lent inflammation  and  aching  of  the  teeth  and  jaws,  bone 
pains,  stiffness  and  soreness  of  the  joints,  severe  headache 
and  extreme  prostration.  It  was  noticed  that  there  was 
improvement  in  his  condition  when  he  was  in  the  open  air 
and   when  away    from   the  laboratory,   this   improvement   being 


followed  b\-  an  intense  aggravation  of  the  symptoms   when  he 
a«>ain  returned  to  w<»rk  in   the  lal)oratory. 

Finally  the  symptoms  became  so  violent  that  the  attending 
i)bvsician  deemed  it  necessary  to  order  immediate  withdrawal 
from  the  laboratory  and  advised  abandoning  the  research 
problem.  Within  a  short  time  after  this  had  been  done,  a 
marked  improvement  was  noted  in  the  patient's  condition, 
followed  by  a  gradual  disappearance  of  his  symptoms  in  less 
than  a  week,  with  the  exception  of  the  congested  condition 
of  the  bronchi,  which  recpiired  from  five  to  six  weeks  for 
complete    disappearance. 
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VITAMIN  STUDIES. 

YT   INORGANIC  BLOOD  PHOSPHORUS  AND  BONE  ASH    IN  RATS 
FED  ON  NORMAL,  RACHITIC,  AND  IRRADIATED 

RACHITIC  DIETS.* 

uv  u   VDVMS  nrTC^iiKH,  ^LvrriE  crkiciitox,  AM)  iij:xuy  a. 

ijo'niHoc'ic. 

{Fn^»!  0"  !■><  ixirlmtnl  of  A'jrirui! :n-nl  and  Blologir<il  Chcni utry,  rcnn.-ylmnia 

SliilcCnHriji^Stdtc  Collcj*'.) 

njrcclv'Ml  fur  piihlicalioii,  S<^ptoinlwT  10,   !',)•_'.">.) 

In  the  coi]rrf(3  of  our  studies  on  the  ciTect  of  conunercial  methods 
of  evaporation  on  vitamins  A,  B,  and  C  in  cow's  milk,  it  appeared 
.i_.:^.KV  +n  +nVn  o^h-mfnoo  of  mir  siiddIv  of  exocrimental  milks 
and  extend  our  studies  to  include  the  antirachitic  factor.  In- 
asmuch as  x-ray  and  histological  facilities  were  not  available,  it 
became  necessary  to  resort  to  chemical  methods,  as  a  means  of 
ascertaining  the  physiological  conditions  of  our  rats,  so  far  as 
calcium  and  phosphorus  deposition  is  concerned. 

In  the  preUminary  feeding  trials  we  used  the  8herman-Pappen- 
heimer  ration  (1)  but  this  was  finally  discarded  in  favor  of  a 
"yellow  corn  ration"  devised  by  Dr.  Harry  Steenbock  of  the 
Wisconsin  Experiment  Station.  We  feel  that  the  latter  ration 
has  given  more  satisfactory  results  because  of  its  superior  protein 
complex  and  its  higher  content  of  vitamins  A  and  B.  This 
ration  will  be  described  at  another  point  in  this  paper. 

Examination  of  the  Uterature  showed  that  Uttle  work  had  been 
done  on  the  chemical  composition  of  blood  and  bones  of  rats  at 
different  ages  and,  inasmuch  as  the  rachitic  rations,  used  by  other 
investigators,  have  varied  in  their  chemical  composition,  particu- 
larly with  reference  to  calcium  and  phosphorus,  it  was  deemed 
advisable  to  make  a  preliminary  study  on  our  rats  under  the 
conditions  existing  in  our  laboratory  with  the  view  of  determining 

*  Published  as  contribution  No.  18  of  the  Department  of  Agricultural 
and  Biological  Chemistry. 
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the  composition  of  blood  and  bone  at  various  ages,  using  the  new 
Steenbock  rachitic  ration. 

It  was  decided  that  determinations  of  inorganic  blood  phosphorus 
should  be  made  because  previous  investigations  (2)  have  shown 
that  a  knowledge  of  the  fluctuations  of  inorganic  phosphorus  in 
blood  might  be  helpful  in  making  our  interpretations. 

Work  of  McCollum  (3),  Steenbock  (4),  and  others  has  indicated 
that  the  determination  of  the  ash  content  of  bones  is  even  more 
helpful  in  arriving  at  conclusions  regarding  the  utilization  of 
calcium  and  phosphorus  hy  tho  nit.  lor  this  reason,  it  was 
decided  that  this  dctorinination  should  be  made,  using  the  extrac- 
tion method  of  Steenbock. 

KXl'KRIMK.M  AL. 

While  it  has  not  been  our  general  practice,  it  became  necessary- 
to  resort  to  group  feeding  for  the  reason  that  it  was  difficult  to 
obtain  sufficient  blood  from  a  single  rat.  especially  during  the  early 
stages  of  the  experiment  when  the  rats  were  small.  Consequently, 
each  cage  contained  not  less  than  four  rats,  while  some  cages,  which 
contained  rats  which  were  to  be  removed  from  the  experiment 
during  the  first  few  weeks,  contained  a  larger  number,  the  total 
number  of  animals  being  103.  The  rats  were  placed  on  experiment 
at  an  age  of  about  21  days,  no  animal  weighing  less  than  35  or 
more  than  40  gm. 

Three  types  of  rations  were  fed;  Ration  A  being  the  normal 
ration  which  is  used  for  our  breeding  stock;  Ration  C  being  Steen- 
bock's  yellow  corn  ration,  and  Ration  B,  Steenbock's  ration  which 
had  been  irradiated  for  15  minutes  with  the  Cooper-Hewitt 
"Uviarc"  quartz  mercury  vapor  lamp  at  a  distance  of  2  feet. 

Ration  A  consisted  of  the  following: 

per  cent 

Wheat 45.0 

Corn 17.0 

Rolled  oats 4.9 

Linseed  meal 8.0 

Bran 2.5 

Dried  meat  scraps ^0 

Powdered  skim  milk 10  0 

Sodium  chloride 10 

Calcium  carbonate 1-5 

Ferric  citrate 0.1 

Alfalfa  meal 5.0 
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These  ingredients  were  ground  and  fed   with  fresh   whole  milk 
(ad  libitum)  and  fresh  greens  were  fed  twice  each  week. 

Ration  C,  Steenbock's  yellow   corn  ration,   consisted  of  the 
following  ingredients : 

per  cent 

Yellow  corn  (ground) ''■  ^ 

Wheat  gluten -   • 

CalciuTi  carbonate '^• 

Sodium  chloride 

As  stated  al)()V(\  Ration  R  was  the  same  as  Ration  C  except 
that  it  was  irradiated  with  ullra-vioh^t  lip;ht. 

The  experiment  w;is  conducted  for  8  weeks  and    at  hnist  four 
animals  wTre  vcmoYcd  vixvh  w(H>k  from  vach  group  repr(^sented  })y 
the  rations  described.       When  the  rats  were  n^nioved  at  the  end  of 
each'week,  tliey  were  anesthetized  and  th(^  blood  was  obtained  })y 
cutting  the  jugular  vein.     The  individual  blood  samples  of  each 
experimental  group  were  added  together  and  set  aside  in  a  refri- 
gerator overnight  for  the  determination  of  inorganic  ijhusphorus. 
The  femurs  were  removed,  scraped  free  from  adhering  tissue,  and 
composited  into  single  experimental  samples,  air-dried,  and  ex- 
tracted with  alcohol  and  ether.     After  extraction,  the  composite 
weekly  samples  of  bones  were  dried  in  an  oven  at  100°C.  until 
free  from  moisture,  and  ashed.     All  ash  percentages  were  calcu- 
lated on   the   basis   of   extracted   dry   bone.     The    colorimetric 
method  of  Benedict  and  Theis  (5)  was  used  and  the  inorganic 
phosphorus  was  calculated  to  mg.  of  phosphorus  per  100  cc.  of 
serum. 

DISCUSSION. 

Charts  1,  2,  and  3  are  self-explanatory.  It  will  be  noted  in 
Chart  1  that  the  normal  rats,  on  Ration  A,  grew  unusually  well, 
as  might  be  expected  on  a  ration  of  that  type.  It  has  been  our 
experience  that  our  rats  are  somewhat  larger  at  3  weeks  of  age 
than  rats  reared  in  some  laboratories.  This  may  be  due  to  the 
unusually  varied  diet  that  we  feed  to  our  breeding  colony. 

While  the  rats  receiving  Ration  B  did  not  grow  well,  we  were 
unable  to  observe  any  symptoms  of  rickets  or  other  abnormalities. 
These  rats  appeared  normal  and  remained  active  until  the  end  of 
the  experiment.     The  rats  receiving  Ration  C,  the  rachitic  ration, 
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began  to  show  rachitic  symptoms  in  about  2  weeks  and  none  of 
them  Hved  beyond  the  7th  week. 

The  inorganic  blood  phosphorus  in  the  normal  group,  Ration 
A  (Chart  2),  tended  to  remain  fairly  constant  at  a  level  of  about 
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Chart  1.  Curves  of  growth. 


10  mg.  per  100  cc.  of  serum.  The  rachitic  bloods  showed  an 
immediate  fall  in  inorganic  phosphorus,  which  continued  for 
about  3  weeks,  when  it  rose  slightly,  due  to  the  fact  that  the 
animals  had  gradually  lost  appetite,  resulting  in  a  lowered  food 
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intake  This  agrees  with  the  observations  of  McCollum  and 
coworkers  (6)  and  Gavins  (7)  who  found  that  fasting  tended  to 
cause  an  increase  of  inorganic  blood  phosphorus  when  the  level 
of  this  blood  constituent  is  relatively  low.  It  is  of  mterest  to 
note  that  ultra-violet  irradiation  had  the  effect  of  causmg  the 
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Chart  l'.   luor^Hnic  l>lood  phosplionis  exprcsscl  iti  ni-.  per  100  cc.  of 
serum. 


12345678 
Chart  3.  Bone  ash  expressed  in  per  cent  of  dry,  extracted  femurs. 

inorganic  phosphorus  to  lie  midway  between  the  normal  and  the 

rachitic  levels. 

Examination  of  Chart  3  shows  a  similar  situation  with  regard 
to  the  bone  ash  in  the  femurs.  It  is  of  importance  to  note  that  the 
percentage  of  ash  rises  steadily  in  the  normal  animals  as  age 
progresses.  Our  figures  compare  very  favorably  with  those  of 
Steenbock  (4)  in  this  regard.  When  the  rachitic  ration  is  irradi- 
ated there  is  no  abrupt  fall  in  bone  ash;  on  the  contrary,  the  tend- 
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ency  seems  to  be  for  the  ash  to  rise  in  a  rather  consistent  manner. 
When  the  ration  is  not  irradiated,  however,  the  percentage  of 
bone  ash,  in  extracted  bone,  drops  immediately  and  continues  to  do 
so  until  fasting  affects  the  situation,  which  in  our  work  did  not 
occur  until  after  the  3rd  week. 

Another  point  which  merits  emphasis  is  the  fact  that  calcium 
and  phosphorus  deposition  (Ration  C)  seems  to  be  inhibited  from 
the  beginning  of  the  feeding  experiment.  This  leads  us  to  raise 
the  question  as  to  the  abihty  of  the  rat  to  store  the  antirachitic 
factor.  If  storage  of  this  factor  docs  occur  we  would  not  expect 
the  blood  phosphorus  and  the  bone  ash  to  fall,  for  a  time,  until  the 
storage  supply  was  depleted.  This  does  not  seem  to  bo  the  case 
in  our  rats,  however,  and  we  are  led  to  believe  that  th(^  rat  is  not 
capable  of  storing  significant  amounts  of  the  antirachitic  factor. 

It  would  appear,  therefore,  that  these;  chemical  methods  should 
be  very  useful  in  making  accurate  estimations,  in  a  relatively 
short  time,  of  the  antirachitic  potency  of  our  common  foods.  It 
offers  a  quantitative  method  of  unusual  interest,  for  we  should  be 
able  to  find,  by  feeding  experiments,  the  minimum  amount  of 
any  food  which  will  prevent  an  appreciable  fall  of  inorganic  blood 
phosphorus  or  bone  ash  below  the  normal  level  of  a  normal  40  gm. 
rat  or  the  minimum  amount  of  any  food  which  will  bring  about  nor- 
mal deposition  of  mineral  matter  in  bones. 

CONCLUSIONS. 

In  normal  rats,  weighing  between  35  and  40  gm.,  the  inorganic 
blood  phosphorus  was  10  mg.  per  100  cc.  of  serum  and  during  an 
8  week  feeding  period,  the  tendency  was  to  maintain  this  level, 
faUing  slowly  to  8  mg.  per  100  cc.  of  serum  at  the  end  of  8  weeks. 
The  percentage  of  ash  in  the  dry  extracted  femurs  of  the  same 
normal  rats  was  40  at  the  beginning  of  the  experiment  and  in- 
creased steadily,  during  the  8  week  period,  to  02  per  cent. 

When  rats  received  Steenbock's  rachitic  ration,  inorganic 
blood  phosphorus  dropped  from  10  mg.  to  1.6  mg.  in  a  period  of  3 
weeks.  After  that  period  it  rose  slightly,  due  to  fasting.  The  ash 
of  dry  extracted  femurs  of  the  rachitic  rats  fell  from  40  per  cent 
to  26.5  per  cent  in  3  weeks  and  finally  fell  as  low  as  24  per  cent. 

When  Steenbock's  rachitic  ration  was  irradiated  with  ultra- 
violet light  the  inorganic  blood  phosphorus  and  the  percentage  of 
bone  ash  fell  midway  between  the  normal  and  rachitic  groups. 
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It  would  appear  that  the  rat  does  not  possess  the  ability  to  store 
the  antirachitic  factor  in  significant  amounts  for  the  reason  that 
calcium  and  phosphorus  deposition  is  hampered  from  the  very 
beginning  of  the  experimental  feeding  period. 

The  method  as  outlined  offers  an  opportunity  to  make  a  quanti- 
tative study  of  the  antirachitic  properties  of  food  materials, 
using  as  a  standard  the  least  amount  of  any  food  which  will 
prevent  fall  in  the  percentage  of  bone  ash,  below  that  possessed 
by  the  young  normal  animals  at  the  beginning  of  the  experiment 
or  the  mininiUH)  (quantity  of  food  re([uin'(l  to  bring  about  0{)tiinal 
deposition  of  mineral  inaticr.  Work  is  now  in  progress  with  the 
view  of  attempting  to  define'  tlu^  conditions  under  wliicli  this 
method  may  he  applied  in  the  study  of  the  anti!"a(.'hitic  pro})erties 
of  food  materials. 

The  writers  wish  to  take  this  opportunity  to  acknowledge  the 
generosity  of  Dr.  Steenbock  in  allowing  them  to  use  his  rachitic 
ration,  prior  to  its  publication  by  him.^ 
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The  investigational  work  described  in  this  paper  is  the  first  of 
a  series  of  cooperative  studies  being  made  at  the  Agricultural 
Experiuieiii  Station  of  the  Pennsylvaniit  State  College  on  evap- 
orated milks.  This  work  is  a  continuation  of  a  larger  project 
concerning  the  various  factors  influencing  the  vitamin  content  of 
milk  and  dairy  products.  Former  work  has  dealt  with  dietary 
factors  (1)  (2),  heat  and  pasteurization  (3),  oxidation  (3)  (4),  and 
commercial  drying  by  the  spray  process  (5). 

In  the  past  practically  all  of  the  data  available,  relative  to  the 
vitamin  content  of  evaporated  milks,  have  been  obtained  on 
samples  the  past  history  of  which  has  not  been  known.  Further- 
more, few  attempts  have  been  made  to  compare  the  evaporated 
milks  with  the  raw  milks  from  which  they  were  made.  As  a 
result  few  authoritative  data  have  been  obtained  concerning  the 
influence  of  conmiercial  evaporation  processes  on  the  stability 
of  the  various  vitamiins. 

The  present  studies  were  undertaken  with  the  view  of  preparing 
evaporated  milks  under  conditions  approximating,  as  closely  as 
possible,  the  conditions  used  in  commercial  practice  and  compar- 
ing these  products  with  the  original  milk  from  which  they  were 
made,  to  eliminate  the  effect  of  any  fluctuation  in  vitamin  content 
that  may  take  place  in  raw  milk  obtained  from  various  sources 
and  at  different  seasons  of  the  year. 

*  Technical  Paper  No.  407  of  the  Agricultural  Experiment  Station.  Pub- 
lished as  Contribution  No.  22,  Department  of  Agricultural  and  Biological  Chem- 
istry, and  Contribution  No.  12,  Department  of  Dairy  Husbandry.  Received 
for  publication  February  25,  1926. 
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The  raw  milk,  from  which  the  evaporated  milks  were  made, 
was  obtained,  daily,  from  the  college  herd  and  was  fed  to  the 
experimental  animals  within  a  few  hours  after  the  mormng  milk- 
ing, although  a  portion  of  the  raw  milk  represented  the  milkn.g 

of  the  previous  evening.  r    ^  i    • 

Two  tvT)es  of  evaporated  milk  wore  prepared,  the  first  l)eing 
,nanufa<'U.re.l  bv  the  vacuum  process  in  a  Holers  IS-incli  ...pper 
^■acuum  pan  and  the  other  by  the  aeratk.n  method,  passing  a 
.HU-rcnt  of  ah-  through  the  hot,  n.ilk.     The  object   ,n  us.ng  the 
methods  just  described  was  to  determine,  if  possible    the  sus- 
ceptibility of  vitamins  to  oxidation  during  the  evaporation  proc- 
ess    We  also  desired  to  study  the  effect  of  subsequent  stenhza- 
tion,  for  sterilization  plays  an  important  r61e  in  the  manufacture 
of  commercial  evaporated  milks.    At  this  point  it  is  well  to 
emphasize  the  fact  that  the  writers  do  not  claim  to  have  dupli- 
cated commercial  methods  of  manufacture  but  the  attempt  has 
been  made  to  approximate  commercial  conditions  as  closely  as 
possible. 

EVAPORATED   MILK   MADE    BY   THE   VACUUM   PROCESS 

Wliile  the  raw  milk  was  fed  daily  to  the  experimental  animals 
it  wa^  impossible  to  manufacture  daily  '^batches"  of  evaporated 
milks.     As  a  result  the  evaporated  milks  used  in  this  study  were 
manufactured  every  three  weeks. 

Prior  to  the  evaporation  process,  milks  from  the  evenmg  and 
morning  milking  were  mixed  thoroughly  and  samples  were  taken 
for  analysis.  These  samples  were  analyzed  for  titratable  acidity, 
total  solids  and  fat.     The  specific  gravity  was  recorded  also. 

In  the  case  of  milks  made  by  the  vacuum  process,  the  raw  milk 
was  pre-heated  in  the  hot-well  until  the  temperature  reached 
200°  to  210°F.,  after  which  it  was  drawn  into  the  vacuum  pan. 
The  temperature  in  the  pan  ranged  from  125°  to  135°F.,  averag- 
ing about  130°F.  The  average  vacuum  obtained  was  about  l^ 
inches.  Unfortunately  the  available  supply  of  raw  milk  was 
occasionally  limited,  with  the  result  that  the  charges  in  the  pan 


were  not  constant  in  volume;  as  a  consequence,  the  time  of  evapo- 
ration varied  from  forty-five  minutes  to  one  hour  and  fifteen 
minutes. 

WTien  the  milk  in  the  pan  had  reached  a  concentration  of  7° 
to  9°  Beaum6  at  120°r.,  it  was  homogenized  at  1800  to  2000 
pounds  pressiii-e.  Specific  gravity,  solids  and  fat  were  determined 
on  the  h()in()<2;enize(i  exaporated  product  after  whicli  one  half  of 
the  eva])orate(I  milk  was  j)la('e(i  in  sterilized  bottles,  of  200  ec. 
capacity,  and  these  })ottles  were  i)lace(l  on  ice  until  needed.  J^ach 
bottle  usually  contained  sufhcient  milk   for  one  day's  feeding-. 

The  other  half  of  the  e\aporated  milk  was  also  i)laced  in  similar 
bottles,  plugged  with  cotton  and  sterilized  at  240''F.  for  ten 
minutes  and  at  225°F.  for  five  minutes,  using  a  laboratory  auto- 
clave. These  bottles  were  also  placed  on  ice  until  needed  for 
feeding  purposes. 

By  the  use  of  the  analytical  data,  described  above,  it  was  pos- 
sible to  dilute  the  evaporated  milk  samples  with  distilled  water 
until  the  diluted  milks  contained  solids  and  fat  equal  to  that  of 
the  raw  milk  from  which  they  were  made.  All  evaporated  milks 
were  fed  daily  in  the  diluted  state  in  direct  comparison  with 
fresh  raw  herd  milk. 

EVAPORATED  MILK  MADE  BY  THE  AERATION  METHOD 

During  the  early  part  of  the  investigational  work  the  aerated 
evaporated  milks  were  made  in  a  Ruff  e\^aporator  of  the  com- 
mercial type,  consisting  of  a  heated  revolving  drum  which  was 
partly  immersed  in  the  milk.  Air  was  driven  through  the  heated 
milk  by  means  of  blower  pipes.  The  experimental  milk,  used  in 
this  study,  was  produced  by  the  college  dairy  herd  that  furnished 
the  local  market  with  certified  and  grade  A  milk.  As  a  result 
there  were  periods  when  the  amount  of  milk  available  for  evapo- 
ration purposes  was  so  limited  that  the  quantity  of  milk  was 
insufficient  to  immerse  the  heated  drum.  For  this  reason  the  use 
of  the  RufT  evaporator  was  abandoned  and  air  pipes  were  con- 
nected with  a  glass  lined  pasteurization  tank  of  small  capacity 
and  the  subseciuent  aerated  evaporated  milks  were  made  by  this 
method,  heating  the  milk  by  means  of  steam. 
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The  hot-well  temperatures  were  -^i^^^fss'^'''!  ^-t 
condensing  temperatures  ranged  from   30  ^  lo^  •  ^j^^^- 

of  the  varying  quantities  ^^/''^^^^'^f'^^.a  fifteen  minutes. 

varied  from  ^o^^Z^^^^^Z^r.^  by  the  aeration 
From  this  point  the  e\apor.ue  ^-acmum 

.nethods  were  treated  the  --  -    ^    ^   ^    .J^^  ,,,  „,  fr.c- 
process;  i.e.,  homogenized  and  a  ixiition 

tional  sterilization  method.  ^^^^,.^^^j  ,,,  t,,^ 

During  the  entire  period    he  ^""^f^  ^^^         ^^^^i,,„  ,.e,,tivel>- 
barn  and  yard,  without  ^^^^et^^^ome  green  hay 
constant  in  composition  7'*,  ^f.  "/j^  J'°The  ingredients  of  the 
was  fed  during  two  months  ^n  the  ML     Ihe  ^^J^ 
ration,  expressed  m  parts  per  100,  wc.c 


Wheat  bran 

Barley 

Oats 

Hominy ••  •  • 

Cotton  seed  meal. . 

Linseed  meal 

Peanut  meal.. 


J'er  ■:ent 
12 

12 

8 

24 

12 

16 

16 


some  minor  modifications  were  made  in  the  proportion   of  h 
above  ingredients  during  the  latter  part  of  ^^^';^^^,^ 
entire  period  mixed  hay  and  silage  ^^Jf  ^^J'f  ^n  grten  hav 
exception  of  the  two  months  mentioned  abo^e,  when  gree        . 

^°??Se  noted  that  five  types  of  experimental  -nks  -«J^^ 
which  we  have  abbreviated  fo^  ^^ Ta™  evl^S tilk 
(a)  R,  i.e.,  -w  milk    (6)  yf^^-^^^J^^^.p^ratermilk  which 

(not  sterilized  ;  (c)  ^^f  f'  '-".'J^'^^^^ted  evaporated  milk  (not 
had  been  stenhzed;  (d)  A.h,.,  i.e.,  aeraieu  c     y 
sterilized);  and  (e)  A.E.S.,  i.e.,  aerated  evaporated  milk  which 
had  been  sterilized. 
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A  total  of  289  rats  have  been  used  in  this  work,  although  the 
charts  do  not  represent  that  number,  owing  to  the  fact  that  it 
was  necessary  to  repeat  some  of  the  early  work  on  account  of  the 
observations  of  Steenbock,  .^ell  and  Nelson  (6)  and  Butcher  and 
Francis  (7)  that  vitamin  B  studies  are  inaccurate  unk^ss  provi- 
sions are  made  to  eliminute  the  possibiHty  of  the  rjits  liaving 
access  to  their  own  excretory  material.  'Jliis  error  was  ehminatod 
in  part  at  least,  by  changing  our  feeding  technique  and  adopting 
the  use  of  false  cage  b()ttx)ms  consisting  of  wire  screen  (:]  or  1 
meshes  to  the  inch).  Since  the  publication  of  the  above  men- 
tioned findings  Salmon  (8)  and  Smith,  Cowgill  and  Croll  (9) 
have  published  experimental  data  substantiating  the  work  of 
Steenbock,  Butcher  and  co-workers  and  showing  that  this  change 
in  feeding  technique  is  necessary  if  the  best  results  are  to  be 
obtained.  In  our  publication  (7)  we  stated  that  we  were  of  the 
opinion  that  ''the  rat  is  limited  in  its  ability  to  store  vitamin 
B."  As  a  result  it  was  decided  that  little  could  be  gained  by 
using  the  ''curative"  method  of  feeding  and,  consequently,  all 
rats  described  in  this  paper  were  fed  the  various  experimental 
milks  from  the  beginning  of  the  experimental  period,  rather  than 
adding  the  milk  to  the  diet  after  vitamin  deficiency  had  become 
evident,  which  is  the  practice  in  the  "curative"  method. 

RAT   RATION    AND    FEEDING   TECHNIQUE 

The  ration  consisted,  in  parts  per  100,  of  casein  18,  salts  3, 
agar  2  and  dextrin  77.  Four  drops  of  a  potent  cod  liver  oil  were 
fed  daily,  separate  from  the  ration,  to  insure  an  adequate  intake 
of  vitamins  A  and  B.  Iodine  was  furnished  in  the  drinking  water. 
The  casein  was  prepared  by  precipitating  skim  milk  according 
to  the  Zoller  method  (10).  The  washings,  with  acidified  water 
(pH  4.8),  never  numbered  less  than  12  and  between  washings  the 
casein  was  pressed  as  free  of  water  as  possible,  in  a  cheese  press. 

Ihe  water  washings  were  followed  by  5  or  6  alcohol  washings, 
allowing  each  "batch"  to  remain  in  contact  with  alcohol  for  at 
least  three  hours.     This  treatment  served  to  extract  any  traces 


of  vtomin  B  remaining  '"'''»  °r™"ti,rc'astto*onst.n'iin5. 

,,sei>i  ^vas  then  a.r  ^'"^  '  ''^:  *'  Jier      This  prcKhu'l  has  been 

Uveh 0  hours  a.ul  ..ouna    '>  =     -^^' j,,,,  f,,„a  t,.  be  foe  fnnn 
usedmallofourfeedingNvo.kamlUa 

vitamins  A,  B  and  C.  nntoclaving  corn  starch  m  the 

Th.  dextrin  was  prepared  by  ^f""^^'^^,  ,■,,;,  ^cid.     After 

n.oist  state,  in  ^e  pre^e^e  ^^^'^^P^;,;,,^  thor^^ 

drying  in  a  steam  closet,  until  the  pro 

it  was  ground  to  a  fine  P^^^er-      ,  ^^^^^^  ^^    ^gg  ^^d 

The  salt  -^t- radfp^otcrof  the  type  used  in  bacten- 
the  agar  was  a  hign  grdue  y 

^tSTht-ustom  in  this  laborator^-^^I^XStnTeS 
Jl  confined  in  individual  -g-^^^^ttoa  intake  records 

were  obtained  o^f  ^.'•y.!"^;^, Station  of  data  but  are  not  of 
were  used  as  a  guide  in  the  int^rpr^  ^  | 

sufficient  importance  to  be  included  in  the         ^^^^  ^  .^^ 

Each  experimental  g^"?  T^^^fgroups  receiving  12  cc.  oi 
and  some  groups  (P^^^^^^'f  f,  *',/' Ules  and  females  were 
^ilk)  contained  as  .n^^ny  as  ^6  ^^t^  ^^^  i^fl^ence  of  sex 

distributed  equally  in  al  ^^^^'^         ■      the  individual  growth 
on  the  growth  curves  obtained  na^er-^^^^^  ^^^^^^       ^^. 

curves  in  each  group.    On  accoum  presenting  "group 

„,als,  it  was  thought  best  to  ^^  Seach  individual.  It  was 
averages"  -therjl^r.^^^^lrelly  interpreted  by  consulting 
felt,  also,  that  the  data  are  more  easuy 

averages  for  each  group.  „„  ,„„ted  for  one  hundred  forty 

All  feeding  experiments  were  conducted  or  ^^  ^^.^ 

days.    In  order  that  ^^^-^l^lf^^^l:-^.^  at  one  time 
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Allien  this  was  done,  however,  an  equal  number  of  rats  were 
placed  in  each  experimental  group. 

Osborne  and  Mendel  (11)  have  shown  that  a  mimmum  of  lb 
cc  of  milk,  produced  under  conditions  existing  at  New  Haven, 
were  needed  to  furnish  sufficient  vitamin  B  for  the  normal  growth 
of  rats.  The  work  of  Kennedy  and  Butcher  (2),  working  with 
milk  produced  under  feeding  conditions  existing  in  St.  Paul, 
found  that  they  could  obtain  satisfnctory  growth  of  rats  on  as 

little  as  10  cc. 

With  these  results  in  mind,  it  was  ])lanne(l  to  teed  the  milk, 
described  in  this  paper,  at  le\els  below  and  above  10  (•(•.  (\)n- 
sequently,  the  milk  was  fed  at  0,  8,  10  ami  12  cc.  levels  with  the 
hope  that  we  would  find  a  "threshold  level"  at  which  point 
vitamin  destruction  (if  any)  by  heat  or  oxidation  would  be  most 
marked. 

DISCUSSION 

All  of  the  experimental  data  have  been  averaged  and  are  sum- 
marized in  figures  1  and  2.  None  of  the  animals  receiving  6  cc. 
of  milk  grew  normally,  although  growth  was  (luite  satisfactory. 

No  outstanding  differences  seem  to  exist  between  the  groups 
receiving  6  cc.  of  raw  milk  and  those  receiving  equivalent  amounts 
of  vacuum  evaporated  (V.E.)  milk.  Furthermore,  the  steriHza- 
tion  of  this  evaporated  milk  did  not  seem  to  affect  its  nutritive 
properties.  The  rats  receiving  6  cc.  of  the  aerated  (A.E.)  evap- 
orated milk  did  not  grow  so  well  but  the  differences  are  not 
marked.  SteriUzation  of  this  evaporated  milk  did  not  bring 
about  differences  sufficiently  large  to  merit  emphasis. 

WTiat  has  been  said  for  the  rats  receiving  6  cc.  of  milk  can  be 
said,  also,  for  those  fed  at  the  8  cc.  level.  In  fact,  no  effect  of  the 
additional  2  cc.  of  milk  can  be  noted  on  any  of  the  curves. 

When  the  volume  of  milk  is  increased  to  10  cc.  it  is  possible 
to  note  a  distinct  improvement  in  all  groups.  It  is  difficult, 
however,  to  note  any  effect  of  milk  treatment  in  any  of  the  groups 
receiving  more  than  6  cc.  of  milk. 

When  the  volume  of  milk,  fed  per  rat,  was  increased  to  12  cc. 
fairly  normal  growth  was  obtained,  showing  that  the  Pennsyl- 
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vania  herd  milk  was  slightly  superior,  in  vitamin  B  content,  to 
that  described  by  Osborne  and  Mendel  (11)  but  it  seems  slightly 
inferior   to   the   Minnesota   milk    described    by    Kennedy   and  | 
Butcher  (2). 
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Fig.  2 


SUMMARY    AND    CONCLUSIONS 


I 


Evaporated  milks  have  been  made  by  vacuum  and  aeration 
methods,  approximating  commercial  manufacturing  conditions 
as  closely  as  possible.  These  milks  were  sterilized  and  compared, 
by  animal  experiments,  month  by  month,  with  unsterilized 
evaporated  milk  as  well  as  with  the  raw  milk  from  which  they 


were  made.  This  was  done  to  study  the  effect  of  heat  and  oxida- 
tion on  the  stability  of  vitamin  B.  The  evaporated  milks  were 
diluted  with  distilled  water  until  they  possessed  the  same  com- 
position as  the  raw  milk  and  all  experimental  milks  were  fed  at 
6  8,  10  and  12  cc.  levels.  No  evidence  of  vitamin  B  destruction 
could  be  noted  except  in  the  groups  fed  at  the  G  cc.  level.  In 
these  groups  there  was  some  evidence  I  hat  aeration  or  oxidation 
and  heat  inny  lia\e  brought  nbout  sli<i;lit  dcst  ruction  of  vitamin 
\\.  The  (lest met i\'e  effect,  liowe\'er,  was  so  sli«2;l)t  that  it  is  doubt- 
ful if  it  can  be  considered  to  !)e  of  nutritional  i!n})ortarice. 

W'e  are  forced  to  conclude,  ther(^for(\  that  \itainin  W  is  not 
readily  destroyed  by  the  evai)orati()n  methods  described  and  only 
under  unusual  conditions  would  we  expect  the  vitamin  B  defi- 
ciency of  commercial  evaporated  milks  to  be  due  to  methods  of 
manufacture. 

Experimental  work  is  now  in  progress  to  attempt  to  determine 
the  stability  of  vitamin  A  during  the  processes  of  evaporation  and 
steriUzation  by  the  methods  described. 

The  writers  wish  to  acknowledge  the  assistance  of  Miss  Mattie 
Creighton,  who  assisted  materially  in  the  experimental  phases  of 
the  work,  and  the  hearty  cooperation  of  the  herdsman,  Mr.  P.  D. 
Jones. 
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VITAMm  STUDIES. 

XIV.  THE  INFLUENCE  OF  ULTRA-VIOLET  LIGHT  ON  THE  ANTI- 
RACHITIC PROPERTIES  OF  PURIFIED  RATIONS  USED  IN 
THE  STUDY  OF  VITAMIN  A.* 

Hy   \i.  ADAAFS  \)\'r(]U.\i  am.  JoIIX   H!:\in'    KIM^;i:i!. 

(Frr,)}'  ihr  Drvnrlviryii  of  A nrirvlf  urn!  <:,,,/  I ; , n! ixj, ,  ,,l  i'innviHtnj,  School  of 

.\(ir,i-i/!n/n'   <ii"l    /I'.r/n  ruinnf   Sinlinn,    >'<  /m  .,/!/■,!  ri  i  u   S/a'r   '^'nUii/r 

!'<■•■'  i^<'*l   i'-'T  pi;i)iirat  ioii^   .iiiiic  ."t^    I'.ljti.j 

For  a  luinibcr  of  years  it  has  Ix-en  the  practice  in  most  labora- 
tories to  determine  the^  vitamin  A  content  of  food  materials  by 
feeding  a  puriiied  vitamin-free  basal  ration  to  growinjz;  rats  and 
supplementing  this  ration  with  wheat  embryo  or  yeast  prepara- 
tions and  weighed  or  measured  quantities  of  the  food  to  be  in- 
vestigated. The  basal  ration  used  in  this  laboratory  consists,  in 
parts  per  100,  of  casein  18,  agar  2,  salt  mixture  3,  and  dextrin  77. 
Yeast  pellets,  weighing  0.5  gm.  (made  by  pressing  Fleischmann's 
special  dried  yeast  in  a  pill  i)ress)  are  fed  daily  to  insure  an  ade- 
quate supply  of  vitamin  1^  and  iodine  is  furnished  in  the  drinking 
water. 

In  all  but  our  very  recent  work  the  casein  was  prepared  l)y  pre- 
cipating  skim  milk  according  to  the  Zoller  method  (1).  The 
washings,  with  acidified  water  ( pll  l.Sj,  never  numbered  less  than 
1?  and  between  washings  the  casein  was  pressed  as  free  of  water  as 
possible  in  a  cheese  press. 

The  water  washings  were  followed  by  five  or  six  alcohol  wash- 
ings, allowing  each  batch  to  remain  in  contact  with  alcohol  for 
froni  .3  to  12  hours.  This  treatment  served  to  extract  any  traces 
of  vitamin  B  remaining  in  the  casein  and,  incidentally,  removed 
sufficient  water  to  prevent  spoilage  of  the  casein  on  standing. 

*  Publislied  by  pernussion  of  tlie  Director  of  the  A<,'ricultural  Experi- 
ment Station  as  technical  paper  No.  410  and  contribution  No.  23  from  the 
Uepartmont  of  Agricultural  and  Hiolonical  rinnnistrv 
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After  treatment  uith  alcohol  the  casein  was  spread  in  thin  layers 
on  glass  shelves  in  an  air  drier  and  air  (at  room  temperature) 
was  driven  over  the  casein  to  remove  the  alcohol. 

The  casein  was  then  treated  with  ethyl  ether  untd  oO  cc.  of  the 
etherVxtract  left  no  fatty  residue,  upon  evoporat-  J  -  c  s. 
was  then  air-dried,  heated  m  an  air  oven  at  120  i.  lor  ^^  "ou^s, 
Ld  ground  to  a  powder.    This  product  has  been  used  m  all  of  the 
Ceding  work  and  has  been  found  to  be  free  from  vitamms  A,  B, 

""ihe  d...tvin   was  prepared   by   auto..huin,  connnerc-ial  .•orn- 
.,.  'h  in  the  nuHst  sUUo,  in  tl.MH-n.,.  ol  a.    r-.r  .v.U  nt™. 

:.;;d       ^fter  drvin,,   in   a  .team   eU.se,,   unt      the   r,.-o<luet  w.« 
thoH.uahlv  brittle,  it  was  firoumllo  a  line  pow.ler. 

1,    .ait  nuxture  was  Mc<  'ollunrs  Sal,  M.Mmy  is-  .2,  and  the 
agar  was  a  high  grade  product  of  the  type  used  m  bacteru.log.eal 

'''°*'      „ },„,-„  .it-mpted  to  <lisnense  with  the  above  tedious 

and  expensive  method  of  casein  preparation.    At  present  we  are 
oMaWng  very  satisfactory  results  by  percolatmg  a  commerc,  1 
C  asJn  with  alcohol  and  ether,  using  a  techn.que  pracfc  1  ly 
denticalwith  that  described  above, the  final  i,roduct  '-.ng  Jeate^ 
in  shallow  pans,  in  an  electric  oven  at  a  temperature  of  120  (  .  for 
2  to  15  hours.    The  latter  treatment  is  added  as  a  precaufonary 
n^easure  to  insure  the  destruction  of  the  last  traces  of  v.tanun . . 
Prrto  the  discovery  (3)  that  some  rach.fe  food  mat^.als 
could  be  rendered  antirachitic  by  means  of  ultra-vio  et  .rrad.at.o 
no  satisfactory  means  were  available  to  insure  ^-^^l^^   ' 
of  the  antirachitic  factor-in  fact,  it  is  doubtful  if  it  had  occur  e    [ 
to  many  workers  that  vitamin  A  investigations  were  being  vituiterf 
by  the  fact  that  rickets  was  complicating  the  problem.  p 

^n  March,  1925,  we  placed  three  groups  of  rats  on    he    as^l  . 
ration  iust  described.    The  first  group  received  *  -  basa    «  «.  ^ 
the  second  group  received  the  basa    nition  and  t^-      ^^     «  | 
irradiated  for  10  minutes  (daily)  with    he  (  ooper  "«  't    I,    aj  ^ 
lamp  at  a  distance  of  2  feet;  the  third  group  ^'-'^^'^'''^^^ 
treatment  except  that  the  ration  was  irra.l.ated  for  .50  minutes  - 
and  the  rats  received  no  light  treatment.  ■ 

^^  hile  xeroi.hthalmia  developed  in  all  groups,  it  was  clear  tto  | 
i,.™l,ation  ha<l  -lelaycd  the  fall  in  body  weight  that  we  had  lor-  ^ 
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merly  observed.  Furthermore,  we  concluded  that  irradiation  of 
the  ration  possessed  many  advantages  over  direct  irradiation  of  the 
animals,  particularly  with  reference  to  convenience  and  economy 
of  time. 

To  test  the  matter  further,  we  started  new  experimenlxil  groups 
and  fed  raw  milk  at  various  levels,  using  both  types  of  techniciue, 
viz.  with  and  without  irradiation.  It  was  discovered  that  less  milk 
was  required  to  produce  the  same  increase  in  growth,  if  the  ration 
was  irradiated  with  ultra-violet  light.  This  work  will  be  de- 
scribed in  n  lat(M-  pniior. 

In  the  ncantinic  we  had  (-(jlit'ct  cd  (i;i{;i  on  hone  ;i,-h  mikI  in- 
organic blood  ])bospbonis  in  rat.s  at  (liflVrcni  ag('<,  which  1(m1  u.s 
to  sviggcr^t  i4i  that  it  \\a,-<  possibi(>  to  dctci'niini^  tho  calcifying 
proj'jort ics  oi  iood  niatcnab,  ii>niii;  bnnc  a.'-h  as  an  ind<'\  of  calci- 
fying potency. 

The  present  pa])er  endeavors  to  apply  this  techni(pie  to  the 
study  of  our  purihed  basal  ration  with  the  view  of  definitely 
answermg  the  question  as  to  which  mgredient  is  responsible  for  the 
increased  well  being  of  our  experimental  animals  and  which  in- 
gredient has  the  greatest  antirachitic  or  calcifying  ]xjtency  after 
irradiation. 

EXl'ERIMKXTAL 

Using  the  same  technicpie  as  described  in  our  former  {laper  (4), 
G6  rats  were  placed  on  the  casein-dextrin  basal  ration  at  21  days  of 
age.  Inasmuch  as  previous  experience  had  shown  that  the  maxi- 
mum rachitic  effect  becomes  manifest,  in  our  rats,  at  about  the 
3rd  week,  it  was  decided  that  we  would  determine  the  ash  in  the 
femur  bones  at  the  14th  and  21st  day  of  the  experiment.  In  the 
present  investigation  no  attempt  was  made  to  collect  data  on  the 
fluctuations  of  inorganic  phosphorus  in  the  blood. 

All  rats  (see  Table  II)  received  the  same  basal  ration  with  the 
exception  that  Group  7  received  a  diet  in  which  2  i)arts  of  dextrin 
were  replaced  with  2  parts  of  corn  oil. 

The  comi)lete  ration  (Croup  2)  was  irradiated  after  mixing.  In 
all  other  rations,  except  the  control  ration  (Crou})  Ij,  the  ingre- 
dients were  irradiated  sei)arately,  before  mixing. 

(>n  the  14th  day  of  the  feeding  period  three  rats  were  removed 
from  each  group,  anesthetized,  and  the  femur  and  humerus  bones 
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were  cleaned,  dried,  extracted,  and  ashed.  Due  to  an  error  both 
Ivr  s  of  bon;  were  n,ade  irUo  composite  samples  for  each  jndu.d- 
ual  rat;  consequently,  the  (fenmr)  ash  percentages  n  1  able  I 
represent  standards  suggested  in  our  previous  paper  (4)  whde  the 
data  in  Tables  II  and  III  represent  mixtures  of  fenmr  and  humerus 

""'The  data  in  Table  I  are  self-explanatory.     Using  our  former 

standards,  which  are  summarized  in  Tabic  I,  and  consulting  the 

Sa  in  Table  II,  it  seems  evident  that  the  irrad.a  ion  of  the  com- 

,,,,.,  purified  basal  ration  ,(;r<,up  2)  has  brought  about  a  <legree  o 

,,,..,iK.ation  that  can  bo  .-ouMderea  .ulmorn.al  but  not  what  wouM 

,,e  considered  nuOutic  from  a  clinical  standpoint      It  >s  also  appar- 

nt  that  the  pruilied  basal  ration  iCroup  1,  without  irradiation, 

p,o.li.oes  a  rachitic  condition.     When  the   ingredients  were  ,r- 

TABLE  I. 
Standards  Originally  EdaUished  {Fenmr  OnlyY 


Condition  of  animals. 


Normal 

Subnormal,  no  evidence  of  rickets 

Severe  rickets 


radiated  singly  and  added  to  the  other  ingredients,  whi  h  had 
not  been  irradiated,  it  is  evident  that  casein  ((.roup  3)  agar 
(Group  4),  and  the  salt  mixture  (Group  6)  played  litt  e,  if  any, 
part  in  the  stimulation  of  the  calcification  process,  whi  e  definite 
stimulation  was  brought  about  by  the  action  of  the  ultra-violet 
light  on  dextrin  (( : roup  5)  and  corn  oil  (Ciroup  6) 

In  order  that  we  might  assure  ourselves  that  this  method  was 
capable  of  yielding  consistent  results  the  experiment  was  repeated, 
using  24  rats  fed  the  same  ration  except  that  dextrin  was  the  only 
ingredient  which  received  ultra-violet  irradiation. 

In  this  experiment  four  rats  were  taken  from  the  experiment 
each  week  for  5  weeks,  (Iroup  1  being  removed  at  the  beginning 
of  the  experimental  feeding  period,  (Iroup  2  at  the  end  of  the 
1st  week,  (;roup  3  at  the  end  of  the  2nd  week,  etc. 

The  results  of  this  experiment  are  summarized  in  lable  HI. 
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These  results  compare  surprisingly  well  with  the  data  in  Table 
II  considering  the  number  of  variables  not  under  control.  It  will 
be  noted  that  irradiated  dextrin,  in  the  respective  trials  (Tables  II 
and  III),  produced  4G.87  and  40.10  per  cent  of  bone  ash  on  the  14th 
day  and  48.03  and  49 .  00  per  cent  on  the  21st  day.  In  other  words, 
additional  proof  was  obtained  that  dextrin,  made  from  commercial 

TABLE  II. 

Ejjccl  of  Irradiating   Variouf^  Ingredients  in   the   Caseiyt  Dextrin    Type 

of  RatioJi. 


Gruup. 

Trciiti!*!  uitli  Ultra- violet  \\i.'\\i. 

1 

Ti.fa!  no. 

i;l'  r:i!.«. 

1 

N  one 

(i 
(i 
(i 

i\ 

r- 
O 

f) 

G 

•  ) 

Coinj)leto  ration 

3 

C^asein 

4 

Agar 

r 

J-yCAHlll 

6 

Salt  mixture 

7 

Corn  oil 

,\\  (U'ari'  1  HHin 

ii;;ii  (in  thri'u 

rats). 

Itth  day. 


.\  \cra!;f  liono 

a-li  ( I  fi  tiin-o 

rut.s  J. 

21st  day. 


;;;  '.)() 
4.y<;7 

42.53 
41.07 

40.63 
46.83 


40. 'J3 
47.33 
41.60 
41.57 

40.77 
50.80 


TABLE  III. 

Effect  of  Irradiating  Dextrin  Only. 


Group. 

Days  on  oxporimont. 

AvoruKo  bono  ash. 

per  cent 

1 

0 

40.80 

2 

43.75 

3 

14 

46.10 

4 

21 

49,  (X) 

5 

28 

54.50 

6 

35 

54.20 

corn-starch  and  fed  in  the  proportions  described,  has  the  property 
of  assuming  antirachitic  pro]iertics  when  treated  with  ultra-violet 
light. 

Furthermore,  it  seems  safe  to  say  that  this  bone  ash  method, 
when  standardized  on  controlled  breeding  stock  of  known  dietary 
history,  gives  quite  uniform  results  and  should  he  useful  in  making 
qiiantitati\e  studies  of  antirachitic  food  materials.     I'or  example, 
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it  wc,ul<l  ai.pcar  that,  inasmuch  as  2  part  -.  of  irradiated  corn  oil 
brought  about  tlie  same  degree  of  caleilioation  as  7,  parts  of  ir- 
radiated dextrin,  it  is  possible  to  say  that  irradiated  corn  oil  >s 
about  thirty-eight  times  as  potent,  as  a  calcifying  agent,  as  ,s 
irradiated  dextrin. 

SUMM.MIY. 

\,Ulitional  data  arc  submitted  to  show  the  usefulness  of  the  bono 
•,s|,  MH.tlHxl  in  a<.(ciH,ininf:  the  antiraehitic  i-otency  of  foods. 
'■  This  meth(.d  lK,sl..rn  us,m1  (o  ~lu.lv  ll,eras,-iM-agarle-.i  Hi,  typ. 

„r  aiet  used  lor  Ihe  esfin.ation  of  v,tiunm  A,  from  wlnrl,  .he  ...l- 
lo^ving.•om•lusions,nay  l-edruun.     .,,1  Thafuost.ifno    :dl.ol     „. 
i„ve'aigal,onal   work,   in  lh..   pa<l,   lius  been   vitiated  -hie  In  th. 
presence  of  rickets,  in  addition   to  the  results  ol  vitamin   .\  ,,,- 
ficiency      ib)  That  casein,   agar,   and   salts  in  the   proportions 
describe<l  have  little,  if  any,  effect  on  calcificat,ion,  after  irradia- 
tion    (c)  That  dextrin,  fed  at  a  77  per  cenL  level,  made  xrom  con; 
mercial  corn-starch  possesses  marked  calcifying  properties  after 
treatment  with  ultra-violet  light.     01)  That  irradiated  corn  or 
olive  oil  can  be  a.lded,  to  advantage,  to  vitamin-free  rations  of  tins 
type  when  estimations  of  vitamin  A  are  contemplated,    (e)      mt 
irradiated  corn  oil  is  at  least  thirty-eight  times  more  potent  than 
irradiated  .lextrin,  made  from  commercial  corn-starch  by  t lie 
method  described.    (/)  Our  results  are  in  general  agrecn.ent  «i  h 
those  of  Steenbock  an.l  coworkers  (."i),  who  observed  that  anti- 
rachitic activation  could  not  !.<■  inchiced  in  purified  protein  while 
starch  became  activated  when  treated  with  ultra-violet  liglit. 
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Nitrogenous  Metabolism  of  Pyrus  Malus 

Some  Results  Obliuiiicd  in   I nrcslii/ations  on   the  Pistril^iilinn   of 
i\itr()(jrn   in  A  I' pic   I'rcrs   f)i'rin()  a    )' car's  (  vc/*-* 
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1  If 


If-  ( 


k;i\c-^,   iiu-   <'i 

shurl  n"ii  lu-arniL;-  -pui>  -u  'j'pl*- 
^.\  ,-lr,  ami  1<  I  llu-  m.iriiui  ni  '>•  iiuli 
iIj^.   aiuilnal  mn    i  >  l    ^mi  lum  i    mi ;  aU-. 

'  1,  i  r    (  a"! L,'  Ml     in     an     <  1 1 1  <v\     t •  >    --(-"'Ix     a 

ihl;   or    lall    U-rlili/al  loll 

Tlu-    soluliiMi    of    iIk'    probkni 


!  lifst- 


1  n  \  (  ■- 1  n ' .  1 1 !  o  1 


],li\si<)loi4ical   !)a-is    lor  a  lixaia    lK-i\\(aai   -j 


with  sodiuui   uitratc   lo   apple   tre(-s. 

was  lirst  atlcui])kMl,  ^iviu.^  due  consideralu)n   loathe  expeneuee^  ot 

tiic   eaihei 

sorption  of   tin-    N(  ),    radical    coul 


/    >\      Im-    •i.-rcrl  rtinino-    if     tile    Colirse    ol     at) 

lid  he  deterniiued  throui^hoiU  an 
eiilu-e  vcK^'talive  period  hv  means  of  (lualitative  tests  on  sections 
•md  the  (halv/.ed  saps  of  the  tme  roots,  huds.  an<l  the  one.  two 
and  three  vear  old  bark  of  mature  and  seedhn-  ai)i)le  trees  treated 
with  heavv  applications  of  sodium  nitrate.  In  the  aerial  ])art>. 
positive  tests  were  ^iven  at  one  period  and  m  one  tissue  only— 
in  the  leaf  buds  ju-t  as  thev  were  opeuin<,^  d  hese  experiences  were 
later  conhrmed  bv  numerous  (piantitative  expernnents  and  are  suj)- 
ported  by  Dr.  l-.cker.son's  preliminary  work  (4)  on  the  reducin^^ 
power  of  extracts   from   various  ])arts  of  apple  trees. 

The  reduction  of  nitrates  in  ai)i)le  trees  must  occur,  lor  the 
most  part,  in  the  line  roots,  .\ccordin-lv,  the  course  of  absorj)- 
tioii  and  the  fate  of  the  nitro,i;en  api)lie<l  as  sodium  mtrate  must 
he  sought  in  some  of  the  numerous  transformation  i)ro(lucts  which 
the  Xn.  radical  under<roes.  With  the  object  of  determming  tin* 
nature  and  course  of  thcM-  transformations,  extensive  mvestii^sa- 
tions  >.vere  carried  out  /;.'  tw'tv.  followin-'  methods  consistent  with 
modern  standards  of  accuracv.  Details  (,f  this  work  with  tho 
methods  adoi)ted  will  form  the  third  pai)er  of  this  series  in  Plant 
Ph^siolo,i;"V. 

Amino   .Xcid.s    wd   .\mi\i:s   in    Ki-latiox    ro  (iRowTii 

That  amino  acids  niav  plav  an  important  role  in  the  nietabolic 
processes  of  plants  has  i)een  reco.i^mi/ed  ^ince  h.mmerlm.u  s  clas-i- 
cal  investigation^    in   the   ei-hties.   and   has   l)een   especially    emi)ha- 

*Puhhsh.-(l  l)v  i)ertni>si<.n  -.f  the  DirccUM"  of  tlu-    \-rirnltnral    l-:xi)C'rimeiit 
Sv.A'um  as  sciciUiVu-  paper   Xc  AH)  and  fotitrihiitiMii   Xd.  2o  tmni  the   Depart 
mtin  of  A^rirultural   and    !'.uih>t.ic;il   ( "hfiiiiNtr\ .     'I'liis   rt-p(«rt    is   hasdl    iil)«>n 
InTl  of  tla-  tlnrd   i)ap(-r   i^i   this    scries    ai)peariiii;    in    Plant    IMi>  smlouy. 
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.ld( 


urow 


til 


s    are    broken    ( 


l(.wn    and    transferred    to    tlu-    more    activeK' 


.\' 


a    rai.n 


lirdwiiiLj    points.        Iliese    processes    are    acaa  MUpanie*] 

rise  in  the  total   water  soluble  and  non-protein  nitro,i;en  and   als(.  in 


the  f 


ree  aniiiu.  aiK 


re 


d"    X 


t  ractions  ;  but   the  ami< 


le   X   (1 


ecreases 


at  this  j.eriod.      In  the  case  (.f  animals,  the  t  raust  erence  (d    reserva- 
])!■(. teins    to    the    tissues    takes    ])kna'    chieib     as 


ree    amino    atads 


this  nia\-  be  the  case  als(»  in  the  tlowim,^  sap  ( d'  {.lants.  although 
it  mav  e([ua11\'  be  ar^uc-(l  both  from  the  magnitude  and  direction 
of  the  "rest"   X   comj.oumK  that   lhe\  .  too.  pla\'  a  similar  role. 


The  marked  decrease  in  total  nitroj^en  (Tal>le  I,  p.  10)  in  the 
one-  and  two-year  growths  and  older  branch  growth  and  the  short 
non-bearing  simrs,  occurring  between  the  begnnnng  ot  vegetative 
growth  and  the  period  of  blossoming,  is  acc()mi)anied  by  a  rapid 
flecrease  in  the  total  water-soluble  and  non-protein  nitrogen  and 
tlie  free  amino  X,  and  a  gradual  increase  in  the  amide  N  m  the 
one-  and  two-vear  l)ranch  growths.  The  behavior  of  the  non- 
bearing  spurs  'is  (|uite  similar,  although  the  variations  in  magni- 
tude and   therefore,  in  the  direction  of  the  curves  are  greater. 

During  the  period  of  active  growth,  the  water-soluble  nitrogen 
and  the  non-protein  nitrogen,  including  the  amino  X,  agam  in- 
crease but  the  amide  X  decreases.  Tins  decrease  in  tlie  amide  X 
at  this  time  would  .-!pi)ear  to  be  connected  with  the  utih/ation  ot 
amide    X    in   i)r(iteiu  -\nthes!-. 

W  lu'ii  aclivr  ^icwth  is  n\rr,  both  ihi'  total  u  aUT  >nlul,U'  aii.l 
non  prolrin  nilroi^^ni.  mchidnig  the  aniiii..  X  aini  ainidr  X.  dcrhnc 
ra])i<lly  until  I'all  tran^locata  n  cf  mtro.um  t'r.)ni  tlic-  l<-avrs  brgms. 
a'l  which  prricd  thr  water  -(.liil)U'  iiilrnLHai  iiici-rasc-  nnlil  tlic  ia^i 
sampling  (Xov.  IS),  cuiic  .milant  will)  whuli  i-  a  gra(hial  iiuicasr 
in  the  amide  X.  I'.vidence  has  brcn  obtained  that  this  amide  X  i> 
cl-iiedv   derived    from   asi)aragine. 


Tn  1-  Di>  i  i<i  iiiTioN 
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lu  the  leaves,  in  general,  the  fluctuations  of  all  the  nitrogen 
fractions  throughout  the  whole  cycle  vary  inversely  to  their  fluc- 
tuations in  the  branch  growth.  Since  the  results  are  expressed  m 
percentages  and  not  in  absolute  ([uantities  of  the  weights  of  leaves 
and  branch  growth  respectively,  there  may  be  some  dilliculty  in 
interpreting  these  inter-relationships.  It  was  found  that  the  total 
water-soluble  nitrogen,  the  amino  X  and  the  amide  X  ])arallelnl 
the  total  nitrogen  of  the  leaves  thnnighout  the  cycle,  but  the  "re^l 
X  usually  varied  inverselv  as  these  other  fractions. 

One  of  the  most  interesting  features  ot  the  curves  ot  both 
leaves  branches  and  spurs  is  the  close  parallelism  that  exists  be- 
tween' the  total  water-soluble  nitrogen,  the  non-l)rotein  nitrogen, 
the  free  amino  X  and  the  combined  amino  X  throughout  the  whole 

cycle. 

The   V)24-2S   I^xi-kri  mkxts 

In  the  sec(nid  series  of  experiments  the  ])artition  of  nitrogen 
■was  examined  in  two  Stayman  Winesa])  trees  of  the  same  age  and 
of  similar  growth  behavior  growing  beside  one  another  m  the 
experimental  orchard.  One  of  these  trees  was  iVrtili/.ed  with  10 
pounds   of    XaXO,   on  April   21    and   again   with   an   additional   10 

])oun(ls  on    lune  6. 

It  is  easily  possible  to  follow  by  means  of  the  grai)hs  for  total 
water-soluble'  nitrogen,  water-soluble  non~i)rotein  nitrogen,  inono- 
amino  .X  and  also  amide  X.  the  course  of  absorption  of  the  XaXO,. 
The  various  nitrogen  fractions  pursue  such  ditTereiU  courses  in  the 
two  trees  that,  taken  in  conjunction  with  the  results  from  the  V)2^- 


i 


24  ex])eriments,  it  is  impossible  to  regard  such  differences  as  being 
due  to  any  other  cause  than  that  arising  from  the  application  of 
NaX<^){  to  the   one   tree   and   not   to   the   other. 

The  course  of  the  curves-  es])ecially  for  mono-amino.  amide, 
I  "rest"  nitrogen — would  indicate  that  the  10  pounds  of  nitrate 
on  April  21  took  nearly  three  weeks  to  reach  the  one  year  branch 
erowth,  whereas  the  second  ai)i)lication  of  10  ])ounds  on  June  () 
was  effective  within  one  week.  'I'he  rainfall  for  the  first  jjcriod 
was  2.3  inches  and  the  mean  temi)erature  52.()'\  and  for  the  second 
period  0.32  inches  and  61. T,  respectively.  The  absorption  of  the 
nitrate  is  characterized  by  a  large  increase  in  the  total  water-soluble 
nitrogen,  the  increase  being  chielly  in  the  amino  X,  amide  X  and 
basic  X  portion  of  the  non-])rotein  fraction  of  the  fertilized  as  com- 
1  ..■:4i,  4\ r...-*;r,-,,.,i  «,-..,.  ;,,  1],^.  l.a\-es,  ihe  one  vear  and  new 


pared  with  the  iin  fertilized  tree  ii 

Wdod  grow  ill.  '1  here  a]  '■]  'ca!-  I^  1 
Uiiiperatinx-  or  -nii-lniir  oi-  ra.iii 
nitrogen    1  ra*li(  .ns. 
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A  composite  cnrxa-  slaiwiiig  the  sum  o 
i^en   found    in    the    leaves    and    m    the    one    10    ii\e    \<..ii    «Mti    ui.u- 
growth    throughout    the    cvcle    would    suggest    that    nilrogen    e(| 
ia.r-;,,.-.T    t-.Ti\-    ],t'     iii<i     riluiiii     t-iKiinl.'iined     b\'    the    ai)i)b(.\ation     of 
pounds  of  XaX(  );  to  a  15  year  old  Stayman  W  inesa])  tree  growing 
in  sod.     Table   1   ^hows  the  results. 

TAIUd'^  f Com  I'osiTi:  T.M'.lf.  Siiowi.xc  thi:  Si'M  <)!•   I  *krci:\-i  aok.s 

OF  Tin-:  Total   Xitroof.x    in    Xfw   (iRowrii    -j     (  )n1':  ^'l•:.\R   -[- 
Two  \'far   -|-  (  )li)i:r  Wood    [     1  a:\VFs 
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Total  Nitrdncn 

( I  nrliniiim  i  f,i\'<'s) 

I'.r  (  tilt 

'rotai  Xitr())4''n 

(  WiKid  Orowtli  (  )iil\- ) 

I'd  ('•■lit 

Dry 

I'-rc-^i! 

Dry 

I'lr^I, 

luiu' 

IS, 

10. 

17, 
17, 
15, 
20, 
4, 
21, 
2S, 

n, 
11, 

l<)2.^ 

1<)\^   

■1   .^M 
4  0()4 
.VS51 
.^   ,SS() 
4    14') 

1    705 
1    7o7 
1    ()S1 
1    f)So 
1    72S 
1    S2  7 

2    210 
2    A().^ 

2   204 
2    105 
2   2()') 
2   57') 

1  .^)2S 

2  .508 
2  .^02 
1    475 
1    !()() 
1  .cS05 

0  <)sr) 

1  ()7S 

Sept. 
Oct. 

1<)2.^   

1    Oil 

1<)2,^   

0  *)71 

1<)2,^ 

1<)2,^                  

1    ()S2 
1    242 

Al.ril 
April 
A!)ril 
M;iv 

1<)^4 

0  ')11 

l')24                  

1  .158 

1<)24   .             

1    5().^ 
1    227 
1    (.12 

1    0.^2 

1<)24 

4   ''S7 
4  ,^()4 

.^   SO 5 

0   ()8() 

Mav 

l')24 

0   821 

III  IK' 

l')2t 

0  ')41 

These  results  are  presented  in  the  following"  ^n-aph  (  l^'v^.  1  ) 
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PERCENTAGE  Of  NITROGEN 

g  S  §  §  5  ^  '^   Ci  S   Gi  S;  9  5 


June 1 1 


l-"i(..  1.     Sh..\viim  tlu'    Iota!   Nitrc.iirn  as    I'crccntaKcs  ..f  llic   \-\\>h   W  cighi 

(if    M.a'cnal. 


It   is  interesting:  to  note  tlie   rate  at   which   ihc  nitr(!,L;en 


hi 


;..i, 


w  ir.ci 


ai)])ears  to  \k-  stored  niainl\-  in  tlie  one-  and  tuo-xear  hranch 
}^n()\vtlis  and  nond)earin<r  spurs)  is  utihzed  in  early  Si)rin,!L,^  during 
tlie  develojunent  of  tlie  i)uds.  dduis.  on  the  (bv  \vei,i;ht  ha^i^  ^..-^l 
per  cent  nitrogen  is  present  in  the  total  hranch  <,n-o\vth  on  April 
21;  l)Ut  hv  Mav  1.^  only  1.47  per  cent  i>  present.  This  dro])  indi- 
cates that'the  (levelo])nient  ot'  huds  and  tin-  t'orniation  ot'  new  leave:; 
and  fruit  huds  recjuires  a  verv  hi^h  expenditure  of  these  stored 
nitroi^en  C(  in])ounds.  In  sonu'  tis-ue-  ova-r  half  tlu'  \ailahle  sup- 
l)lv  is  i/iven  U])  to  the  youm^  shoots. 

Although  the  xouni,^  shoots  made  ra])id  i^rowth  from  Mav  h^ 
to  June  11.  the  total  nitro.s^^en  curve  of  the  hranch  growth  a.t^^ain 
rises  rai)id1v.  thus  .^ivin^-  an  index  of  the  rate  of  a1)sor])tion  from 
the  soil  at  this  ])eriod.  After  this  i)eriod  the  ^loi)e  (  ^^  )  is  i>rac- 
ticall\-  zero,  indicatin,i;  i)rohahlv  a  nilroi^en  ecpiilihrium  in  the  tis- 
sues concerned.  Murneek  (S).  from  the  consideration  of  ahsolute 
cjuantities   in   spurs,   arrives  at    this   same  conclusion. 


The  fall  stora.L;e  of  nitrogen  in  the  hrancdies  is  clearl\'  indicate(l 
ill  the  curves.  .Xitroi^en  hef^ins  to  he  translocated  from  the  leavesi 
to  the  branches  towards  the  end  of  Se[)tember. 


Disci 'ssiox    and    ( "oxeia'sioxs 

These  investii^alioiis  have  indicated  that  tlie  seat  ot  reduction 
of  nitrates  in  I'vrns  Mains  is  chietiv  locatc-d  in  the  hue  roots  and 
that  the  course  of  al)sor])tion  and  transformations  of  the  nitratt'; 
radical  can  be  followed  bv  adoplini(  speciallv  refined  methods  in 
partitioning,'  tlu'  various  ^"roups  of  the  complex  ])ro(lucts  tornied 
1)V  the  verv  la-active  nitrogen  molecule.  It  must  be  admittc-d,  how- 
e\er.  that  the  solution  of  anv  ol  the  problems  willi  \\hi(h  prac- 
liral  horiieulline  is  ci  inccriu'd  \)\  \\\\~.  mean-,  i!i\id\rs  ;il  the  pres- 
t!ii  iMiM'.  !,il  II  Til  li's  and  ii'i'i'  >i  in-Ill !!  M  i:..;  si  j  la  i  ,i  t  !■  .n  -.  |i.  w  liai  ex- 
Iciit  I  lie  ]  iroL^it'ss  m  I  air  kiii  .\\  ii  i  i'^i'  i » i  pi  i  M  i  'in  ■  !  K-n  n^i  i  \  w  ill  i  nablcj 
Siiiijiicr  iiicilu'ds  1m  be  applied  tail  onb  bi'  Coll  Hal  nred.  \!!(in|itS 
It\-  !  1m'  \^  n!  ri"  1 1 ,  snnph  :  \  i  lu'  di  na  i  nnia!  n  'ii  m  •  anni  h  >  nilri  'l;*  r,  i  !,t  \  '• 
tlui--  lar  i.idcd.  Spofin'-  -^nnplilad  n''!iii"i  tor  amiii<i  :nid-  \  bM 
ha-«  proved  vei'\-  (aa'alie  wluai  ;ii»pliei'i  1<>  ibe  waler  e\lraia-  <>!  ina- 
Icriab,   used   m    tlii^    investigation. 

ddie   close   naralKdism   observed    between    the   total    water-soluble 
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-ii^'',i;est>  inteia-stiiiL,'  pos-ibiht i(,'S.  dduis,  if  the  amino  acids  are 
the  chief  fractions  inl]uencin<j^  .Ljrovv  th  and,  conse(|Uentlv.  the  vi.ijor 
of  the  tree,  and  il  tlu-  law  of  mass  action  is  ap])licable,  the  determi- 
nation ot  the  total  vvater-S(duble  nitroi^en  mav  furnish  a  simi)lo 
solution. 

It  must  be  borne  in  mind,  howa-vei',  that  tlu-  luudassilied  or 
"lesl"  .\  compounds  mav  ]dav  ,a  role  iust  as  sioniticant  as  anv  (»f 
tin  iiitroLien  partition  ])ro(lucts.  dduis,  durinij  the  fall  storai^e  of 
iiitroj^en  the  "rest"  mtiaii^en  compounds  increases  rapidlv  in  the 
leaves  and  branch  L;rov\th.  cdearlv  indicatint^f  its  rcd.'ition  to  ])ro 
lein  deijredation  in  the  leaves  and  the  pi"()babihtv  of  translocation 
(t  nitrogen  in  this  fo'an  to  the  branches,  ddie  v\riter  is  planniiii^' 
te  investigate  the  nature  of  these  unclassitied  nitrogen  compounds 
shortlv. 

in  conclusion,  it  mav  be  ])ointi'd  out  here  that  the  analvtical 
results  on  the  trees  in  the  ap])le-rim  expc-riment  described  in  the 
])aper  bv  Anlhonv  and  dhomas  in  these  I 'roceedinLjs  have  sjiow  n 
that  tlie  ratio  of  t(»tal  carlx  .h  vdraics  to  total  \  (or  the  ratio  of 
starch  1;  total  .\  i  and  also  the  ratio  of  total  .\  to  total  I'J),.  are 
<Hiile  eliective  aids  in  diai^iiosis. 


ki. 


la  I':ri:x(  i:s 


1.  Aiuditer,  f".  ( '.  N  d  here  .Xormallv  a  (  ross  d'ransfer  of 
l'<'<'ds.  Water  and  Mineral  Xntrieiits  in  WOodv  idant-?  .Md.  .\,L;r. 
Iai*.   Sia.    I'.ul.  2~?7 :   pp.    \2  '?].      b'J.v 

-.  (■/ai)eck,  h".  Ibochemie  i\vv  I'tlan/en.  II:  2<»<)-3()7.  b)20. 
/'-weite   .\uf. 


r, 


J 


3     Dakin,  IT.  D.     The  Catalvtic  Action  of  Amino  Acid^.  IVp- 
t(Mies  and  Proteins  in  Affectinor  Certain  Synthesis,   jour.  Ihol.  C  hem. 

7:49-55.     1910.  •      •        v  i        lo.. 

4.  Kckerson,  Soi)hia.     I'rivate  coninninication,  Aoveniher,  l^JJO. 

5.  llarlev,   C.    \\      Normal    Xariation   in   the  Chemical   Compo. 
sition  of'l'ruit  Spurs.      Proc.  Amer.   Soc.    1  lort.   Sci.,  pp.    134-14(). 

P>^5 

6  Knowlton.   11.   h\    A   Treliminary    h'.xperiment  on   Half  Tree 

•ertili/ation.      Proc.  Amer.   Soc.    1  lort.  Sci.,  i)p.   14S-149.    1921 

7  MacDou^al,   1).  T.     Hydration  and   ( .rowth.    Larne,^ie   Inst. 

Pub.   No.  2^7:  S7-(A.      V)2{). 

8  Mnrneek      \     K       Is    iM-nitim,^  of   tlie   Apple   an    kxhaustivt^ 
]^-ncess.      Pn.c.'Amer.   Soc.   IJort.  Sci.,  i,]).   l')(.-J04.      V^25. 

n      U,.l)rrl--,  1\.   M.      Ap)  )K'   i 'nv -i(  .lu-\  .     W  is.    \,ur.   I'.x] ).  ^!a.  1 'ill 

f.S:   p,   (.4.       I'LV.  ,      ^  ,  ,,        . 

PI.     Spo./nr.   li.  A.,  an.l   .\1c(kh',   !.  M.    .^>liidies  ni   Mani    K',-pir,v 
t, nil  and   IMicloMnlhrs,..     i";inu-u'   Insl.   I'lih.   Xn.  .^J?  ;  p.  M     V>1\. 
IP     Slinrhr.    W.     \.,    and    .MC  -rr.    I.    M.     Mud.,   i.p.    M'    IS      P  L',^ 
])      'i  hniiuis,    W  .     d'he    iiitlneinT   <»]    \\\r    l\Mi:p(T.il nrc   ..t    I  (.-id- 
eation   on     the     Xltro.uenous     W  ater-Solul.le    P Vuislilnents.       1 'iaiil 
Phvsiolo^v,   \()1.   -^    192^.      In  print. 

'13.  Tufts,  W.  \\  The  hTTects  of  the  Method  of  Samplni^^  on 
the  Results  of  Cdienncal  Analyses  of  Horticuiiural  rlani>.  Piou 
Amer.  Soc.  Hort.  Sci.,  pp.  232-236.     1925. 


I] 


Rcprmlcd  from  1926  Prod-cdUigs  of  lUc 
American  Socirly  for  riorliciillural  Scioiirr 


8 


Eliminating  Some  of  the  Varia- 
bles in  Apple  Fertilizer 
Experiments 

,      ,,.    -r-  ,    ., i>    ^^     Av"T-iir^v\-     Prvv^vliuuilii  Stale  Li^lh'ijC, 

Stale  Collctjc,  Pa. 

tX  1918  the  hi^di  dc^-ree  of  variabilitv  secured  in  a  lar^c  number 
l\,f  held  tests  of  fertilizers  in  commercial  orchards  throuj^diout 
the  state  led  the  Department  of  Pomology  at  State  C  olle^e  to  plan, 
in  cooperation  with  the  Department  of  Agricultural  C  hemistrv.  an 
experiment  m  which  as  many  variables  a.  i)o^>ible  should  be  elm  i- 
naUl   and    still    ])ermit    growing    the    tree>    i)ractically    under    held 

conditions.  .,  ,       -         i  •  i       \\-;n;-,,-.T 

P.oth  the  men  ori-inallv  responsible  lor  this  W(.rk.  \\  ilham 
iM-ear  and  I.  P.  Stewart,  passed  .m  to  their  reward  belore  the  i.lan 
was  put  uno  executn.n  and  the  responsibditv  lor  the  -  <  "^"^ 
laboratory  work  fell  upon  the  prcont  writers.  he  hoituultm  ^t 
IS  responsible  for  the  planting  and  held  care  ol  the  trees,  he  bio- 
cbenii>t  for  the  metbo.l^  of  analvsis  and  the  analytical  results. 

As  tinallv  adopted,  the  ])roblem  was  to  studv  the  influence  ol 
fertilizer  and  cultural  treatments  on  the  phvsmlngical  functions  ol 
the  ai.ple.  In  olher  words,  the  attempt  was  to  be  ma< le  to  elimi- 
nate or  reduce  to  a  nnnnnum  all  the  im]>nrtant  variables  except 
the  fertilizer  an.l  to  c<nni)are  the  fertilizer  respon>e  un<ler  non- 
le<aiine  sod  and  under  annual  tillage. 

It  was  recognized  at  once  that  dmrt  l.el.l  planting  would  in- 
troduce too  large  a  soil  variable  for  ihis  experimenl  so  it  uas  (le- 
aded to  sink  boiler  jTatc-  cvlmders.  or  runs.  ."^  feet  acn.ss  and  .-  . 
feet  deep,  into  the  -round  and  to  placr  in  these  a  umlorin  sml 
whose  composition  had  n<.t  been  intluenced  bv  the  i.revi.ais  Use 
of  fertilizers.  .\  llagerslown  ^ill  h-am  from  the  same  held  use.l 
for  the   College    experimental    orchards    was    selected.       It    \\a>    le- 

1 


alike  until  tlu-  snninuT  of  ]^^24.  l-^irh  sprinj^^  and  until  rarly  siini- 
nuT  tlu'v  were  band  cultivated  and  llieu  a  eovcr  crop  ])lante(l.  1  1h' 
last  of  Mav,  \^U4,  Mue  qras^  was  seede(l  in  half  the  rims  of  eadi 
row.  the  cultivation  ])i-in<^^  continued  in  the  other  half  until  tbf 
last  of  lulv  when  the  u^ual  cover  crop  was  i)lanted  in  tlu-Ne.  Tlii^ 
differeiUiation  had  an  a])i)reciahle  effect  ui)oii  the  1*)J4  l)randi 
^n-owth.  In  spite  of  this,  at  the  end  of  that  season  this  was  (»ni' 
of  the  most  uniform  hh/cks  of  trees  the  writers  have  ever  seen. 
A  careful  analvsis  hv  Student's  method  of  the  total  branch  elonga- 


moved  by  la  vers  and  placed  in  the  rims  in  the  same  order  after 
each  laycM-  had  been  thoroui;bly  mixed.  T.efore  any  soil  was  placed 
in  the  rims  about  6  indies  of  coarse  crushed  limestone  were  placed 
in  each  rim  and,  as  these  were  sunk  in  a  limestone  soil  with  very 
free  downward  drainage,  it  was  thought  this  would  inhibit  capil- 
lary action. 

As  the  soil  was  j)laced  in  the  rims  samples  were  set  aside  for 
analysis.  These  were  studied  for  the  usual  soil  elements  and  then 
given  a  careful  minerological  analysis.  These  results  have  been 
publishd  bv  W.  Thomas  in   Soil  Science,   \^)1.   X\',    Xo.    1. 

The  soil  was  placed  in  tlie  rims  early  in  V)2\  and  was  ^iveu 
one  year  to  settle,  during  which  time  three  green-manure  cr()])s  of 
oats.' ])uckw  heal  and  r\e  were  turned  under.  in  -pile  (d  the  uni- 
fonnit)-  of  liie  soil  at  the  lime  oi  plaem.g  nt  the  inn->,  ihciH'  wnc 
ralher'consideral)le  dilTerenees  in  tlu'  growth  of  eo\t'r  ^'i"';]'^-  TIik, 
we  think,  was  <hie  to  the  ph\sieal  condition  of  tlie  soil.  The  liUlii',^ 
of  the  nnis  exUTided  o\e!-  a  eon-^iderahle  Iniie  and  there  were  var: 
ations  m  the  moisture  conltnl  dminL;  iIhn  tune  and  eon.se(|iieml\ 
dilTerenees  in   the   degree   of   comi)actness   ot    tlie   soil. 

It  was  believed  that  one  of  the  factors  necessary  for  succes^ 
v.ith  thi^^  exoerin.icnt  wrm  1<»  secure  roots  vegetalivelv  DropatTated 
from  a  single  parent.  In  V)2{)  this  was  not  an  easy  condition  to 
meet,  but  eventually,  through  tlie  kindness  of  Professor  R.  (r, 
llatton  of  the  l^ast  Mailing  Research  Station  in  baigland,  we  weni 
able  to  locate  150  individuals  of  Mailing  Tyi)e  12  which  was  con- 
sidered nearly  a  standard  in  its  vigor.  Part  of  these  slocks  had 
just  been  separated  from  the  mound  layer  and  ])art  had  been  uw^ 
year  in  the  nursery.  Idiese  were  planted  in  the  spring  of  R^21  and 
two  weeks  later  tlie  trees  from  the  nursery  were  whip-grafted  to 
Stayman  Winesap,  the  scions  coming  from  a  tree  whose  perform- 
ance was  known  for  two  bud  generations.  The  remaining  stocks 
were  budded  in  the  summer  from  this  same  Stayman  W  inesaj)  tree. 

There  were  42  rims  ])laced  in  7  rows  of  (>  each.  In  May,  V)21. 
four  rims  in  each  row  were  ])kmte(l  with  the  wliii)-grafte(l  tn^CN 
leaving  the  outer  rims  in  each  row  unoccui)ied  until  the  tollowini,' 
si)ring,  when  the  budded  trees  were  ready.  At  lirst  it  seemed  un- 
fortunate to  have  trees  of  two  ages  in  this  exi)erinient,  but  it  ki- 
rn the  end  i)roved  a  beiielit.  Certain  results  have  been  accentuated 
with  increasing  age  of  the  trees  and  with  two  ages  growing  side 
by  side  it  has  i)een  easier  to  evaluate  this  progressive  inlluence. 

In  order  to  get  the  trees  well  established,  all   rims  were  treated    i 
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■       f,,r  Vm  showed  onlv  one  row  that  might  be  considered   sig- 
tlOU   lOi    1    —  '    •  '  .... 

Ucantlv  diiYerent   trom  the  adjoining  rows. 

The  blue  grass  and  timothv  sod  had  been  contmued  since     '^24 
n  half  the  rims  and  the  cultivation  continued  on  the  other  halt, 
"t  th       over   crop   practice   has   been    change<l    slightly.      Seeding 
the      ms  after   the    fertilizer   treatments   were    started    would   have 
ZlLd  in  large   ditYerences  in   cover  crop   growth.       I  urmng  this 
Se^  would    have    introduced    a    serious    variaUe    that    was    not  . 
wanted     An  area  api)roximately  the  same  as  the  21  cultivated  nms 
^.T     ntaining  the   same  soil   with   which   they   are   hlled   is   .ceded 
h  fall   with    a    rve   cover.      In    the   spring   this   is   carefully   dug 
nnd  the  dirt    shaken    from   the   roots.    Tops  and    roots   are   .hv.de<l 
;,,,  twentv-one  e(iual  parts  and  cut   mto  ihe  culnvate<l  nms^  ^ 

yiH'   In-M    lerldi/er   ai-pli'-anon-.   were    made    ni    April.    !  '-.-^.       i" 
.^^.,,,a    comidieatonis     imni     nnimnn.-.     ch.-nnra! 
were    used.     'Hie    mx    lr.es    nl     R-.w     1     re.eucd 
j,),-„i    of    ealeinni    nmnn  ]  do -sj  ,li,!te    ;it     llie    I'ate 
|.  ',  )     !„,,•   tree.       Ri-w    2    was   l<i   reeei\e    nilmgen 

•a  ihe  rate  of  one  hall  iH.und  of  X  I^t  tiee.  I.nl  ,,  . 
i,nlv  two-thirds  of  the  api-lication  was  made  at  this  time.  Kow  .i 
received  the  same  ])hospliorus  and  nitrogen  ai)phcations  as  1  and  ^ 
1  ;,.  ..Jrlhion  nolassium  as  potassium  sulfate  at  the  rate  of  one- 
half  pound  of  K'..(  )  i)er  tree.  Row  4  is  the  untreated  row.  Row  o 
received   V  and   K;   row  6   received    X   and   K.  and   row   /    received 

'h!  a  little  more  than  a  month  the  trees  which  received  nitrogen 
touia  he  picked  out  bv  the  deei)er  c<.lor  of  their  toliage.  1  he  sur- 
T)risin<^  thing  to  us  wa>  that  tlii>  held  in  the  cultivated  as  well  as 
in  the'sod  area.  This  led  us  to  believe  that  the  use  ot  the  con- 
fining rim  had  brought  about  a  root  condition  similar  O  that 
wh^ch  would  be  found  in  a  mature,  closely  planted  orchard.  I  he 
subseciuent  performance  of  the  trees  has  served   to  strengthen  tin. 

''  The  nitrogen  application,  though  only  two-thirds  of  the  full 
amount  i)lanned.  caused  >uch  severe  burnmg  of  the  sod  that  it 
was  not  considered  advisable  to  add  any  more  that  season,  b.ven 
with  this  reduced  application,  by  the  end  ot  the-  season  there  were 
pronounced  differences  between  the  trees  which  di.l  and  (h<l  not 
receive  it,  both  under  M.d  and  under  tillage.  Among  the  trees 
which  did  not  receive  nitrogen,  the  sod  trees  c<.ul(l  be  i.icked  out 
by  their  more    vellow    foliage.      This   was   not    true   with    the   trees 

which  (lid  receive  nitrogen.  m        7 

The  hr.t  ai)])lication  of  fertilizers  in  V)2(^  was  made  on  Mav  .S 
when  (me-third  of  all  the  materials  was  ap])hed  i)er  tree.  Hie 
second  and  third  applications  were  made  at  intervals  ot  a  month. 
IXen  these  reduced  apjdications  caused  considerable  sod  burning, 
hut  the  recoverv  was  rai»i<l  and  bv  th.-  time  the  grass  in  the  nm< 
was  ready  to  be  clii)pe(l  there  were  large  dillerences  in  sod  growth 
under  the  various  treatments. 

The  tree  growth  dilh-rences  hrst  noted  in  V^2?  were  accentu- 
ated in  V)2()  as  not  crowding  must  have  increased  with  the  greater 


^i 


growth.  The  end  trees  in  the  rows  whicli  are  one  year  younger 
(lid  not  show  such  g-reat  (Hfferentiation  due  to  their  ligliter  de- 
mand upon  the  soil. 

(irowinjr  these  trees  in  what  has  become  a  relatively  limited 
area  presents  certain  soil  moisture  ])rohlenis  that  are  ditticult  to 
solve.  As  long  as  the  trees  were  under  _uni  form  treatment  all  were 
watered  alike  as  the  need  arose.  Xow  the  responses  to  the  dif. 
•ferent  treatments  have  created  a  different  moisture  requirement. 
We  are  studying  two  methods  of  determining  this  recjuirement :  one 
uses  the  evaporation  from  a  Livingston  porous  soil  point  plun^^^d 
into  the  soil;  the  other  de])ends  u])on  the  weight  changes  of  cedar 
j)encils  thrust  into  the  soil.  It  will  take  another  season  lo  (kler- 
mine  whetlier  eitlicr  method  will  (.-nahle  us  to  maintain  all  rims 
at   an  optinuim   soil   moisture. 

The  animal   sampling  and   the  snl)^((|nciit   aiial\^cs  .nc  tlisciissol 


t    In    cxpcrtcd    that 
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])i-lo\\'.  In  addition  to  these 
tlu'  i-ntiri'  trt-es  will  ])v  studied  when  'he  (■xpcriniciit  i^  roiiiplfteil. 
Tin-  lield  records  which  are  takc-ii  ai"e  tnmk  eireum  terenee,  elon^;i- 
tion  of  each  branch,  weights  of  all  prunings,  relative  leaf  color 
and  average  leaf  weights  of  samples  taken  from  the  same  situa- 
tions on  all  trees,  heights  of  grass  growth  and  weight  of  cli])pin(2[s. 
number  of  oio>hom>  <un.i  i  vent  ii.iii  v  iilUiii>*.i'  .liiu  weigiit  in  iiUii>. 
and,  of  course,  a  record  of  all  cultural  oi)erations.  ".Student's" 
method  will  be   used    for  all   statistical   analyses. 

( )ne  of  tlie  chief  pur])oses  for  which  the  trees  were  grown  under 
these  controlled  conditions  w.as  to  supply  material  for  analyses 
which  might  determine  the  various  ph\siological  resi)onses  to  the 
conditions  created  bv  the  experiment.  <  )bviously  with  only  three 
trees  under  a  single  treatment  the  size  of  the  sample  must  be  small. 
l*\)r  several  vears  two  serious  ])roblems  have  bt'en  ()ccuj)\ing  most 
of  the  time  of  the  chemist  associated  with  this  work  :  what  tyi)es 
of  analvses  would  ])resent  a  ]>icture  of  the  i)hysiology  of  the  tree 
in  sufficient  detail  to  be  cai)al)le  of  imerj)r('tation  and  how  could 
these  anahses  be  secured  with  the  small  amount  of  material  avail- 
able? Some  of  the  results  of  these  preliminary  studies  have  al- 
readv  been  presented  bv  W.  Thomas  at  this  meeting  and  will  he 
given  in  greater  detail  (including  methods  of  analysis)  in  several 
future  numbers  of   X'olume  2  of  "Tlant    I'hvsiologv." 

At  the  end  of  the  season  during  which  the  lirst  fertilizer  a])i)l!- 
cations  were  made,  samj)les  wei-e  co11ecte(l  of  the  leaves  and  the 
one  and  two-\'ear  branch  growths,  as  it  was  considt-red  that  these 
would  be  best  suite(l  to  indicate  the  response  to  the  treatments. 
Idle  bark  in  .all  cases  was  sei)arated  from  the  wood.  The  ])re- 
liminarx'  studies  of  this  material  have  been  limited  to  the  un- 
treated trees  an<l  those  recei\ing  the  complete  fe'rtilizer  both  under 
sod  and  under  tillage. 

The  |)uri)ose  of  determining  the  constituents  present  in  tlie 
leaves  was  to  ascertain  if  the  anahtical  data  of  the  leaves  alone 
would  furnisli  sulficieiU  ex'idence  ot  the  condition  of  the  trce>^. 
The  results,  on  the  j)ercentage  basis,  have  not  as  \et  shown  nnicli 
promise    that    this    can    be    acc()mi)lished.       kurthermore.    it    is    not 


annarent  that  anvlhing  is  to  be  gamed  m  cxam.nmg  the  two-} ear 
l!nts  if   sufhcient   one-vear   material    is   avadable.       1  he   c()mposi- 
/      of  the  bark  and  wood,  though  actually  (juite  dilterent,  is  rela- 
tively of  the  same  order.    Table   1    gives  the  analytical   results   lor 

the  one-vear  shoots. 

We  consider  that  this  experiment   is  hardly  more   than   started 
1  tint  it  will  be  manv  vears  before  we  know  what  the  real  results 
•ill  be      To  us,  one  ()f  the  notewortliy  results  already   secured    is 
that  two  departtnents  have  been  able  to  cooperate  in  this  work   for 
j\earlv  10  years  without  friction.     Without  this  cooperation  worth- 
while progress   can  not  be  made   in   this  kind   of   work. 

The  ])reliminarv  stu<lv  of  the  chemical  phases  shows  something 
,,j  tJH.  n")le  of  nitrogen  lii  tlie  metabolism  of  the  apple;  but  i'  -1-' 
,'l,,u^-  liow  much  i.s'-sl'dl  lo  he  learned  of  the   function  oi 

.ar\'  eleiiieiU. 

■jii    ill,-    one    \eai     w  ( ^  k!     from    lh<'    trees    i^ro' 
(■   \  i-:i!i()s,  in  round   lumihers,  in  l!i''  ordei"  i  hei 
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lill;n^e   are   J/  < 
on'e'vear  hark  d'^  .vk  .^-'  and   3).   resi>eet i v(  1\ 
ratios  in  the  leaves  are  J3,  V),   15  and   U). 
The  X    !'.,<)-  ratios  are  also  interesting, 
ratios  are:   wooo.  u.>»/,    i.vw,    i.^i    .i"^'    i.--.,   ..v....,   _..  .  ,   -       ,  , 

and  3C)().  ddiese  ligures  seem  to  indicate  that  in  this  sod  the  check 
'trees  (both  tillage' and  sod)  are  su])i)lied  with  nitrogen  at  a  lower 
rate  than  is  re<|uired  even  for  the  utilization  of  the  relatively  small 
quantitv  of  available  i)hosphoric  acid  in  the  native  soil.  I  he  C  _ -\ 
and  X' !'..()-  ratios  thus  give  a  valuable  index  as  to  the  relative 
excess  or"deliciencv  of  nitrogen  and  phosphoric  acid. 

Xo  relationshii)' between  the  i)()tash  content,  either  ot  the  leaves, 
or  wood,  (H-  bark  and  growth  resixnise.  is  a])parent.  In  the  case 
of  these  voung  trees  growing  in  this  Ilagerstown  silty  loam  soil, 
therefore,'  it  would  seem  that  enough  potash  is  supi)lied  to  turnish 
this  constituent  at  a  rate  suHicient  to  ])rovide  for  normal  growtli 
\vith(;ut  fertilization  with  this  element  even  under  conditions  ot 
extreme    root    crowding. 

The  lirst  vear's  analvses  of  the  material  grown  under  the  con- 
trolled conditions  of  this  exjH-riment  show  that  the  trees  in  the 
eheck  row,  both  under  sod  and  under  tillage,  have  a  nitrogen  sup- 
plv  that  is  (juite  insufticient  to  utilize  the  stored  carbcdivdrates  tor 
j^n-owth.  as  shown  bv  the  ratio  of  starch  to  total  nitrogen,  or  of 
the  "total"  carboh\-drates  to  nitrogen. 

The  lirst  ai)i)lication  of  nitrogen  seems  to  have  stimulatt'<l  a 
.i^reater   ])roi)()rtional    branch    elongation    in    the    sod    trees    than    in 

those  under  cultivation,   but    not    emaigh   total    growth    t -.■->--■ 

the  eheck  caused  bv  tin-  sod  in    1*^24.     At 


a 


.^, ,  ,>^  I, ,    o  )   ( )verc(  nm 
the  same  tinu'  there  were 
indications   that    the   average   leaf    on    the    sod-nitrated    trees   ha<l 
Sduewlnt   lower  drv    weight   com])ared   with   similarly   treated    trees 
under  tillage. 

Idle  resDoiise  in   fruit  bu<l    formation   to  the  dilTerent   treatments 
was  striking.       1 1 


in    iruit   DUO    loim.nioii    n*   mk    mimv(<.iii    1 1  v  .nmv  h... 
be    ri.w     n'cei\ing    a    complete    fertilizer    produced 
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646  blossom  clusters;  the  X.  P.  trees  4//  clusters  ;tl      X.  K    ti   cs 

nS     the    trees    which    received    only    nitro-eu    had    92     while    the 

ZcV  row  -ave  6  blossom  clusters.     Xitro^^en  alone  produced  more 

tss'n'sunder  cultivation  than  under  sod,  while  N.  K.  produced 

"'""'AirtheTe 'results  throw  little  enough  li.ght  on  the  ori-inal  prob- 
leni--the  phvsiolo^^v  of  the  apple  under  different  ccnuhtions-but 
there  are  other  results  which  do  give  a  more  dehnite  answer  as 
t„  the  value  of  the  methods  being  used.  ,        -       ,  •  i  -. 

Has  the  use  of  the  iron  rims  been  of  any  value  m  this  work 
W,  think  it  ha>  been  of  great  value  in  that   it  has  accentuated  sci 
md  tm.H  and   givc.i   results   in   a    vear  winch   wnuld  liave   required 
j;,  |,.,.t  a   drcade   m   produce    under    iield   cuiidiliun>   and    nnght    iml 

]i-,vr  been    (.blamrd    al    all.  ,•  •         ' 

11, „^  lun-  r;ni  Ines  W  grou  n  imdrr  \W-~v  cnii.lUKni^, 
,,,HH-t  thai  bv  \W-  nine  llu-v  are  eight  vrar.  nld  manv  .m 
,.,,.,  ^N,|l  i,;.\r  pa^srd  thv,  ll-ll  a  pi  ,\  si,  ,|nL^;r;,]  e\rU-  !;n!ii  n 
u;  decrepit   .'M  ag^'    and    be    la-ady    t.>  In-   disrardrd^  ^ 

'      Tl„.  verv   fad   that   the  u^e  of  these  rlnl^  accentuate,  conditions 
rmlers  it  verv  necosarv   to   use   extreme   caution    m   draxymg   any 
onclusions  from  the  results,     bortunately  we  have  ^somewhat  simi- 
lar experiments  under  held  conditions  whicli  l.ave   u.cii  um.ei    v.a\ 
for  18  vears       In   spite   of   this  we   will  plant   a   tield   duplicate   of 
this  rim   experiment   this   spring  if   we   are   >uccesstul    m   obtaining 
the  asexuallv  propagated  roots  for  it  and  we  will  ^'>^1>^'^^\.^';/;^'P;';^^ 
the  work  in  the   rims  when   the   present   trees   go  out.      W  hui   the 
evidence  from  all  these  is  collected  we  hoi>e  to  have  returns  which 
will  justifv  our  verv  considerable  ex])enditure  ot   time  an<l  money. 


We 
llu^e 
I  a. lu  \' 
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Introduction 

NotAvitlistniidiii-  \hv  I'aH  llmt  uitroovn  (H-cupic>s  a  iini.iuo  iM)sili.)ii  in 
plant  meta])()lism,  our  kuowh-d-e  conccrniM-  tlic  proc-ossos^ot'  a])s()i'i)tu)ii, 
synthesis  or  ultimate  .lisposition  ol  its  eoinpuuud^  in  tlic  nutiibolie  cyc.e  o. 
the  hiohcr  ])lants  is  very  limited. 

The  various  oroups  oL*  the  e()m))k'x  ('om])im.tioiis  whieli  uitroovn  is  ea])a- 
ble  of  formino;  inav  have  (piit.'  ditlVrent  ])hysi(>h)o'i(.al  fiuietious  and,  aecord- 
iiiulv,  as  Spokhk  and  .Mc(Jke  (23)  have  already  emi)hasized,  it  is  improl)- 
abktliat  a  rational  eoneeption  of  the  I'unetion  of  nitro-en  in  the  hi-her 
plants  eaii  ever  be  ol)tained  without  furtlier  studies  of  the  physiolooieal 
r()lo  of  its  various  oroups.  Thus,  a  knowledoe  of  the  part  these  -roups  play 
ami  the  extent  to  whieh  their  reactivity  ean  be  eontrolled  are  (piestions  that 
must  he  solved  before  the  i)r()blems  of  -rowtli,  rcproduetion  and  movement 

can  he  solved. 

0\vin<,^  to  the  very  laroe  nund)er  and  complexity  of  the  compounds  uhich 
nitro<reii  forms,  the  separation  and  identification  of  its  various  orou])s  or 
compounds  are  beset  with  difficulties;  but  the  advances  made  in  the  chem- 
istry of  proteins  have  paved  the  way  for  an  approach  to  investioathms  on 
iiitrooen  metabolism  that   were  not   availa))le  to  the  older  workers  in  this 

field  (9). 

The  i)()ssibirities  which  lie  in  the  acfpiisition  of  oreater  knowledoe  of 
these  weio-hty  ])i-()blems  by  the  nn)re  modern  nu'thod  of  approach  are  indi- 
cated by  (iri])nairs  (2)  studies  on  the  distribution  of  nitrooen  in  the  leaves 
of  the  Runner  Bean    [Ph(ts(oh(s   viilf/dris)    throuohout   a   vegetative  cycle; 

1  PuhlisluMl  l>_v  ])('nnissi(.ii  of  tlic  Director  of  tlie  A^^ricult  ur;il  Kxpcriiiient  Station  as 
scientific  pajicr  no.  4  IS  and  contribution  no.  1^4  from  tlie  Department  of  .X^'rit-nlt  ural  ami 

lUoloL'ical   Chemist  rv. 

The  cost  of  these  invest  i^^at  ions,  formin^r  ;,  part  of  a  c, operative  ]. reject  with^  the 
Dopartnient  of  IP.rt  icnit  ure,  has  lar^-ely  l.eeii  def  raved  l.\  a  tyrant  from  the  Adams  Fund 
for  Af^ricultural  Kesearcli. 
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but  no  investigations  have  been  reported  on  the  distribution  or  partitum  oi 
nitro<ven  in  tlie  tissues  ol'  fruit  trees  throughout  a  eyeK^.  _ 

The  present  studies  xvere  undertaken  for  the  purpose  of  obtainnig  data 
that  mioht  -ivc  an  insiuht  into  the  transformations  taking  phiee,  as  mea- 
sured ])V  the^litrogen  fractions  solu])k  in  water,  at  tlie  different  vegetative 
periods'throuo-hout  a  year's  cycle.  AVhen  tlie  possibilities  and  limitations 
!„•  such  studies  are  known  it  should  then  be  possil)le  to  determine  to  wl,at 
,xlrnl  Mi.-h  iulor.nallon  mi^ht  be  ulili/cd,  more  rsp.vinlly  in  ivhM.nn  lu  ih. 
p,,.bl.n,s  of  unmlh  and  ivprndu.t  ion.  Tl,.  problem  ncrr>s;.rily  involves 
iIm^  simultaneous  study  of  the  validity  ol"  nictliods. 

A.      Till-:   LFLLeT   of   TLMPLKATrm:   OF   nilSKVATTOX   ox    Tin;    WAIF!;- 
SOLUBLL   XITROOLXOrS    COXSTnTLXTS 

As  the  nature  of  the  problem  necessitated  the  accumuhdion  of  samples 
for 'subsequent  analyses,  prevention  of  enzymatic  activity  as  smm  as  possi- 
ble  after  the  samples  are  coUected  is  essential.     Preservation  by  means  ot 
alcohol  is  undesira])le  because  of  its  precipitating  effect  on  the  ])rotems. 
Freezing,  also  produces  marked  changes  in  some  plants  (27).    The  available 
evidence  indicates  that  inactivaticm  of  proteolysis  by  dehydratmn  by  drying 
probal)lv  causes  less  changes  in  the  tissues  than  any  of  the  methods  at  present 
in   use  '    The   question    of   the    o])timum    temperature    at    which    autolytic 
chano-es   are   reduced   to   a    minimum   lias   received   attention    r(>cently  hy 
ToTTiX(iii\M,  SoHLLZ  and  Lkpkovsky  (27)  and  by  Lixk  and  Sohllz  (17b 
These  papers  and  also  a  paper  by  Chibxall  (3)  contain  a  discussnm  (with 
references)   of  the  temperatures  adopt(>d  by  ])revious  investigators  ior  the 
desiccation  of  the  tissues  of  various  plants.     None  of  the  earlier  workers 
appear  to  have  made  any  investigaticm  into  the  effects  of  t(^mperature  on 
th.e  composition  of  the  idants  under  experiment. 

Although  Chibxall  (3)  found,  in  the  case  of  the  leaves  of  tlie  Runner 
Bean,  that"h)W-temperature  drying  in  a  closed  oven  at  40-50°  (\  entailed 
protein  autolysis,  causing  an  increase  in  ammonium  salts,  asparauine  aiul 
amino  acids, 'the  American  investigators  (17,  27),  under  the  conditions 
adopted  l)y  them,  f(mnd  that  the  greatest  changes  i)roduc(Ml  (>itlier  by  rajml 
drying  or"  freezing  resulted  from  the  coagulation  of  soluble  ])rot(>ins.  Co- 
agulation  was  greatest  at  high  tem])eratures;  at  low  t(>mpei'atures  (".2- 
40°  (\)  both  coagulation  and  proteolytic  changes  seemed  to  occur. 

Experimental 

The  material  used  for  this  investigation  was  obtained  fnmi  Stayman 
AVinesap  apple  trees  15  years  old  growing  in  the  (\)llege  orchard.  Sami)les 
of  leaves  and  new  shoot  growth  were  collect(>d  in  the  early  i)art  of  a  July 
morning  when  active  gi'owth  was  in  progress. 


Temperatures  adopted  ix  this  ixvestioation 

The  experiences  of  previ(ms  investigators  (17,  27)  that  very  high  and 
verv  low  temi)eratures  are  to  be  avoided,  minimum  changes  occurring  at 
-intermediate"  temperatures  (50-70°  (J.),  afford  a  sufficient  basis  for  the 
selecti(m  of  the  three  temi)eratures,  50,  (K)  and  70°  0.,  for  the  determination 
of  the  ()])timum  temi)erature  causing  minimum  i)r()teolytic  changes  in  the 
wiiter-soluble  nil  I'ogenous  constituents  of  the  species  under  inv(^st  iuat  nui. 

\i  :,()  ;,ii,l  bd'  (\  (b'siee;itinn  \\;i^  cin'ied  out  ill  ordlti;if\-  I'h'eiis  wnti- 
],|,,,j  ,,ven<.  Dryinu'at  7»'  (•.  w  ;!s  nccoii!  i.lisliei  1  in  wire  bott.im  tf;i\s  m  a 
.bylnu'  closet  lie.-ited  bx'  strnm  coils.  Tn  ruftlief  festri.-t  tlie  l>iKsibility  of 
,)i'/yni;itic  ;M'li\it\-  the  nioiNtiirc  eonteiit  \\;i-  rrdiired  1o  0.5  per  .'eiit.  by 
innisb'reiiee  to  a  \aeuum  oven  h)f  eiuht  hours  jil'tef  tlie  snniples  ii;Ml  been 
irroiind.  The  samjdes  were  ])reserved  in  glass  stoppered  sealed  bottles.  A 
month  elai)sed  before  analytical  work  was  commenced  on  the  dried  samples. 

Phki'aratiox  of  samples  eok  analysis 

The  removal  of  the  vacuole  and  colloidal  cytoj)lasmic  cell  contents  from 
the  fresh  leaves  was  readily  accomplished  liy  means  of  a  Xixtamal  mill 
(19)  which  readily  disintegrates  the  cells  of  succulent  plant  materials  after 
two  or  three  passages  through  the  mill.  However,  the  disintegration  of  the 
eells  of  the  refractory  Avoody  shoot  growth  could  not  be  accom])rished  ])y 
this  means.  This  was  finally  effected  by  the  laboi'ious  ])rocess  of  alteiaiate 
passage  thr(mgh  an  Kiiteri)rise  mill  and  mincing  by  hand  and  at"terwards 
macerating  with  (piartz  sand  in  the  manner  to  be  described  later.  The 
dried  material  was  easily  ground  by  a  method  i)reviously  described   (26). 

Mi/riioi)  01'  LX'riJAOTiox  of  the  sollble  xiTKO(n:x()rs  ("oxs'rrrrLXTs :  Dik'Ect 

MF/niOD   VEK'SrS   ChIBXALL's   I'HOOEDLHE 

Tottixohaal  Scfmlz  and  Lei'Kovsky  (loc.  cil.)  found  the  direct  ex- 
traction with  water  to  be  a  satisfactory  method  for  ])art it ionimr  the  prod- 
ucts of  the  nitrogenous  const  it  iKUits  of  barbei'ry  and  sugai'  b(>et  leaves. 
Water  enabled  them  to  extract  the  greater  ])art  of  the  ])roteins  exposed  by 
erushing  the  cells  of  the  fresh  tissues,  the  dir(M't  method  compared  with 
Tiubxall's  (4,  5)  giving  somewhat  higher  values  for  total  wntcu'-soluble 
nilr()<>;en. 

(V>mi)arison  of  the  direct  method  with  Cini'.XALi/s  method  by  the  writer 
on  ajiple  leaves  indicated  that  only  two-thirds  as  much  protcnn  X  and  non- 
protein X  were  fouml  in  the  extracts  obtained  by  the  latter  method.  These 
results  would  indicate  that  the  modifying  action  of  the  cytolytic  agent 
^•'ther)  in  Chibxall 's  procedure  is  of  greater  influence  than  the  i)ost- 
niorteni  chantres  due  to  tl>e  "s(>tting"  of  the  cytoi)lasm  into  a  gel  (6). 
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-,    1  •    ^\^,..  "".n  i(\  100  o-m   of  the  material  in 

AU  extractions  .0.0  .u„e  V  .-d  n.    ^^         r^^  ^^   ^^  .,  ^^^, 

a  mortar  with  water  f '^'^  ,;^  .^J  '  ^^^.^l^a  on  a  filtor  of  paper  pulp, 

nr'  li:^:;  r;::t.:t:a^t;:;.::i:;;.:,  a.er  wa.>in.  wit.,  wa^r  a,.,, 

usin<^  a  uutniiLi  ,  ...viTulincv      The  process  ot  iiltermf]' 

frnTmfVrred  to  the  mortar  for  turther  -inulino.      in.    j  i  J 

Ue  or  li.2()()  ...  and  rnv.-n.Uvhh  a  lay.r  or  tnlu.ne. 

:\li;rilUDS  ol-   ANALYSIS  •        1    ,    M 

MM,,  ,HMh()(is  of  (leUTininm-  Uir  v;'ri..u.  li.idi.'ii.  u.n      ^ 
,^ ,;:';:;:;;;;;;.,,  onhisseru.  in  ..,.nn..non.Ui,.,,..p^...nnone.p.- -. 


,  ,.   A.'      x-/^v   I'l'friMIN    X,    AMMO 
TrvTM     \v  \Tl»R-SOLUHLK   X  ,    NON    ll^Ulii^^    ->  ' 

'^''''   ''■  ^.    As    l-KKCENTAca-.S    OF    THK    Dl^'    MATTER 


X!A    X    AND   AMIDE  X   IN    THF 


:    LEAVES 


Series  number 


OA 

Fresh 

l)rie<l  at  :)0° 
Dried  at  00  " 
Dried  at  70° 
18 
Fresh 

Dried  at  .".0° 
Dried  at  00° 


Total  X 

l>(>r  cent. 

1.80 
1  .S'J 
1.S2 
1.S3 

l.SO 
1.8(5 
].8.-) 


^Fotal 

^VATER 
SOLLBLE  X 

W'V  cent. 

(».130 

0.1:20 

0.120 

0.1  Oi> 

0.1 4() 
(t.l44 
0.144 


XON  PRO-        xmmontaX 

TEIN   X 


Per  cent. 
X'Diie 
Xone 


0.r2(» 
0.124 
0.12;'. 


Xone 

0.003 
O.OOG 
0.006 


Amide  X 

Per  cent. 
0.014 
0.016 

O.Oli") 

0.0  IM 
0.017 
0.017 


1).    As    PERCENT  ACES    O 


F    THE    TOTAL    NITROCEN    OF    THE    DRY    MATTER 


Series  ntmber 


OA 

Presh     

Dried  at  .".0°  „ 
Dried  at  00°  .. 
Dried  at  70°  .. 
18 

Fresh  

Dried  at  50°  . 
Dried  at  60°  . 


TOTAT>X' 

Per  cent. 
].S0 
1.S2 
]..S2 

l.s:5 

PS6 
l.SC) 

i.s.-. 


TOTAE 

AVATER 

SOLUBLE  X 


Per  cent. 

"  .1.) 
(  — 

6.r,:t 

7.8.-, 
7.74 

7.r,i> 


XON-PKO 
TEIN  X 

Per  cent. 

4.;ti 

4.01 

r).3.-) 

6.4.-, 
6.66 
6.6.-) 


Ammonia  X       Amidk.N 


Per  cent. 


0.16 
0.32 
0.32 


Per  cent. 
0.77 
0.S8 


0.87 

0.70 
O.Ol 
O.Ol 
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T.  the  present  experiiueiils  the  etfeets  of  desiccation  on  the  sap  contents  was 
t^l^^y  ohselvation  of  the  changes  in  the  total  Avater-soluble  N,  non- 
•otein  N,  ammonia  X  and  amide  X, 


pr 


The  results  obtained  are  <i>iven  in  tables  1  and  II. 


'I'dTAE    WATI 


TAIU.E  IT 

;i;-S.MAl  =  l,E    X,    N-.N    PROTEIN    X,    AMMONEV    X    AND    AMIDE    X 
IN    THE    NIAV    C  la  I  WIT! 

I.      \S   PERCENTAGES   OF   THK   Di:V    ^T  \TTER 


Series  :<i  mi;i-.ii 


OB 

Fresh    

Dried  at  r.0° 
Prie.l  at  (io° 
pried  at  70° 


T(>T\E  X 

Per  cent. 
0.71") 
0.71.", 

0.711 
O.710 


Total 

w"  \Ti:i: 

SOEll'.LE  X' 


^^^  '■''.'■       Ammonia  X    .     Amide  X 

Til N    \  I  I 


I'cr  cent. 
0.163 
O.l.).") 

o.i.i.-) 

0.137 


Per  ceiH. 
0.000 


0 .1  i  i  i 


0.104 
0.103 


Per  cent. 
0.003, 

0.00  1 

0.004 


Per  ceiH, 
0.00'.> 
0.014 


0.011 


b.    As    PER(  ENTA 


(h:s  of  THE  TOTAL  nitro<h:n  of  the  dry   matter 


Series  number 


OB 

Fresh 

Dritd  at  r,D° 
Dried  at  (iO° 
Dried  at  70° 


Total  X 

Per  cent. 
0.71."- 
0.71."> 
(».7]1 
0.710 


Total 

A\  ATER 
SOLUBLE  X 

pel'  cent. 
2  2 .  ^ 
2  1  .ti 
21. s 
1 !».;') 


X'ON    PRO 
TEIN  X 


Ammonia  X       AaiideN 


I'er  ceiH 

]:'..s 

P".3. 
M.6 
14..-) 


I'cr  cent, 
0.4  P» 
0. .-,.",!> 


0..-63 


I'er  cent. 
P2.-iO 
1.0.")0 

pr,4!) 


Discussion 

These  results,  as  also  those  of  Tottincham  nnd  his  co-^vorkers  (27),  in- 
dicate that  the  hiirher  the  tem])eraturc  (^vithin  limits)  the  -reater  becomes 
its  influence  on  the  coa-ulat ion  of  soluble  proteins.  In  the  case  of  the 
woody  branch  -rowth  this  ai)i)ears  to  be  accompanied  by  -reater  proteolytic 
ehan-es  a^  the  loAvest  temi>crature  C)!)"  r.),  a  ])ossible  explanatum  of  which 
is  the  lonoer  time  required  for  the  desiccation  of  li<rneous  tissues. 

It  is  .'i"pparent,  ho^vever,  that  desiccation  of  the  tissues  of  this  plant  spe- 
cies, which  is  low  in  water-solidde  nitro'jen,  under  the  temperature  condi- 
tions described,  does  not  -reatly  chan-e  the  proportions  of  total  water- 
sohihle  X  and  non-])rotein  X  and  that  the  chan-es  in  the  ammonia  X  and 
amide  X  are  not,  except  in  the  woody  tissues,  much  -reater  than  the  error 
of  determination.     The  optimum  temi)erature  appears  to  b(^  around  60°  C. 


60 


PLANT    PHYSIOLOGY 


These  findinj^s  and  those  of  Link  and  Sciiulz  (17)  on  the  barberry  sug- 
^est  that  the  proteolytic  enzymes,  due  possibly  to  the  different  nature  of 
the  nitroG^enous  or  carbohydrate  constituents,  may  be  relatively  less  active 
in  plants  low  in  water-soluble  nitro«:en  than  in  those  that  are  relatively 
hi<?h  in  these  constituents.  But  whether,  as  su^^f^ested  by  Link  and 
Sciiulz,  the  differences  observed  between  the  hi^-h  and  low  water-soluble 
nitro^'-eu  IvfX's  of  })lants  are  due  to  the  initial  water  content  and  the  rate  of 
its  i'('tn()v;il  cnu,  it  scrnis  to  tlic  wi-itcr,  onls'  he  (IctcfiniDcd  by  fiirthrr  inves- 
ti^^ations  in  wliicli  plants  low  in  llic  soluble  cyloijbisniic  proteins  are  com- 
pared ^\ith  those  that  are  hiii'h  (7i.  I'litil  such  (piesliojis  are  eh^ai'tNl  up 
each  phnit  tissue  inu^t  reni-es^-nt  a  sepnrate  pi-olih-ui.  iti  whieh  ease  uvn- 
eralizations  exteiKh'd  to  all  types  of  tissues  ;ire  iinpossibh'. 

B.  The  separation  of  the  proteins  from  the  non-protein 

CONSTITUENTS 

Althoufrh,  for  the  accurate  determination  of  the  amino  nitrofjen  content, 
the  separation  of  the  proteins  frcmi  the  other  nitrofjenous  constituents  of  the 
extracts  of  plant  cells  is  by  some  invest i«i-ators  (24)  considered  unnecessary, 
others  (28)  have  shown  the  advantaf]:e  of  doinp^  so.  The  water-soluble  pro- 
tein in  the  plant  species  under  investi^^ation  is,  as  we  have  seen,  quite  low; 
nevertheless,  apart  from  the  desirability  of  havin<j:  some  knowledfre  concern- 
in<j:  its  amount  and  fluctuations  durin«i'  the  vej^'etative  cycle,  positive  evi- 
dence was  obtained  that  the  removal  of  the  soluble  protein  by  the  method 
to  be  described  herein  enabled  more  consistent  results  to  be  obtained  in  the 
estimation  of  the  several  non-])rotein  fractions  with  which  these  metabolism 
investifrations  are  mainly  concerned. 

The  objective  is  to  effect  the  separation  with  the  removal  of  as  little  as 
possible  of  the  intermediate  products  of  protein  deprradation ;  but  whether 
any  rea<xent  accomplishes  the  complete  exclusion  of  all  products  which  are 
only  a  little  below  the  ori<rinal  jiroteins  in  their  complexity  from  the  pro- 
tein-separates is  doubtful. 

Notes  on  the  reagents  ised  in  this  investigation' 

Since  Stutzer  (25)  proposed  cop})er  hydroxide  for  the  removal  of 
''peptides"  from  the  "amide  X,"  a  number  of  reagents,  such  as  methyl 
alcohol,  acetic  acid,  trichloroacetic  acid,  phosi)liotunfi:stic  acid,  tannic  acid. 
and  colloidal  ferric  hydroxide,  have  been  used  for  the  se])aration  of  the 
''protein"  frcmi  the  "non-protein"  constituents,  and,  unfortunately,  the 
evidence  points  to  the  conclusion  that  a  rea<jrent  satisfactory  for  one  kind 
of  bi()lo<rical  material  may  be  unsuitabh^  for  anothei'. 

Hart  and  Bentley  (13)  have  shown  that  Stutzer 's  reaprent  may  not, 
in  all  cases,  effect  a  complete  separation  of  all  protein  and  polypeptide 
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H,,.mliiion.  iBual  y  •''  "'''"  , '"    "  ,',,|,i,,;,-,„„  ,„  n.  ,«  of  copper  «.ll. 
,„,,.s,.,  =0.1  M.-;-»" '»  ,         ■':^'4„„  ,„„,„,„,  ,,,  „.l  N-  .OS.., 

■" ' '"':;'''V,:;,       .  o. -'. ""'■■ ■"-"■- 

:t,:::,  :;;;;;■,.;,;.,;:....■ -- '  '•■-  -'-'■"""  "■"- 

;:::::;  siSHnVt,:::-. - -;:::,r,;;:;.r.:::'.i." 

n.c     Tt  i^  claimed  that  it  does  not  precipitate  eitliei  the  pn  uo 
excess.     It  is  ciamiLu  uuil  hivest brntion  are  mex- 

peptones  (12),  althouf-'h  the  results  obtained  m  this  nncst,„at 

,2),  since  .hieh  time  it  iias  veeeived  nioi-e  ^-:;;-:^ZT^^^'tt 
pi.„,ein   than    possibly    any  f^^;^ ^'^^^J^^^^^ZJ.  and   Loskk 

latteralso  found  that  it  pveeipitates  none  of  the  '"*<'7-;   ;'';,, 
to  tla.  proteoses  and  none  of  these  exeept  some  oi  eomplexit>    '"    '  '^    J  '     ^ 
that  of  the  original  proteins.     Moreover    smee  ^'-l^-       ■';':' 
wore  completed.  Foi.ou  an.l  Kk.kkn»ku<,  (10)  have  shown  *"        '       '         _ 
adsorbed  by  the  ferric  hydroxide  ,el  can  be  recovered  eompletelx  In  eluat 
inf;  the  residuum  with  XaOlI.  .  ,v;,.;,ht 

Mercuric  salts  have  the  advantage  that  they  remove  all  >"";-'  -Z^;. 
.olorless  solutions;  but  the  excess  of  mercury  is  not  conveniently  and  „.sd> 
removed.     Like  eoi)l)er  they  also  precipitate  polyiieptides. 

Experimental 

Tlie  effects  of  four  of  these  reagents  on  tlie  nitrogenous  constituents  of 
the  water  extracts  of  tl,e  leaves  of  l>!in,s  ^rolus  w,.re  examined.  1  Ik  tech- 
nique or  precipitatinsi  the  soluble  jiroteins  witl,  tlie  varmus  reagents  was 

as  follows : 
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Accfic  acid  and  iricUoroaccUc  acu/.-Thc  extract  (2,000  cc  )  alter  the 
addition  of  10  cc.  of  10  per  cent,  acetic  acid  or  of  25  cc.  ot  a  10  per  cent. 
solution  of  trichloroacetic  acid,  was  heated  to  boilin<.^  and  boded  one  to  t.o 
minutes.  The  coa<.mlum  was  separated  by  a  tinted  filter  paper,  waslied  with 
100  cc.  hot  water,  and  made  up  to  tlie  ori-inal  volume. 

Copper  luidro.nde.-^To  the  extract,  measurin-  alx.ut  2,000  cc.  iii  a  4 
lit.r  llnsk  w;is  added  400  cc.  of  n  frcsl.ly  n.ndc-up  s.)hition  (.1  0.2  \  NaOH, 
,-,,11,,,v(m1  i.v  401)  cc.  ofO.i:  N  ("uSO,.  Ten  cc.  |.,u1i.mis  of  1lic  0.  <  N  (  uM. 
were  tlicnmhU'd.  and  after  (.icli  .d.liticn  tlic  extract  ^v;,s  weil  shaken  mn 
^1,,  p,,eipitate  allowed  to  subside.  Tl.e  eoppcr  prot  e,n  preeip.tale  u;. 
removed  liv  fil1rati<Mi  and  waslie.l  wifli  watei". 

Colloidal  ferric  luidroxidi  .-^Mcrck\  colloidal  IVrric  liy.lrox.oe  .;. 
used  The  extracts  were  brou-ht  just  to  the  boilin-  i)oint,  when  an  exm, 
of  tlic  ronccnt^  determined  bv  examinino-  tl.e  filtrates  for  freedom  from  pr... 
teins  is  added,  hi  the  present  experiments  5-0  cc.  is  sufficient.  4'lie  ox- 
tract's  were  then  brouuht  to  the  neutral  point  and  the  boilin-  contnuie.l  for 
one  or  two  minutes.  In  partition  experiments  of  the  nature  to  be  descnbed, 
it  is  necessary  to  remove  the  excess  of  iron  by  tlie  addition  ot  M-SO,  or 
some  other  salt  of  high  coa-ulatino:  power.  From  0.5  to  1.0  cc.  of  a  satur- 
ated solution  of  this  salt  is  sufficient  to  produce  coaoulation  ol  the  iron  -A 
The  ])recipitate  of  protein-ferric  hydroxide  -el  is  separated  by  filtration, 
the  precipitate  washed,  and  the  filtrate  made  up  to  the  ori-inal  volume. 

DeTEKMTX.VTION  of  WATKR-SOLT'BLK  PHOTiaX  NITKOdKX 

In  all  cases  the  protein  X  was  determined  by  difference  between  the  non- 
protein X  and  the  total  water-soluble  X.  The  lar-e  lluted  filter  necessary 
for  the  fdtering  recjuired  too  laro-e  a  blank  to  enable  the  small  amount  ot 
protein  to  be  determined  directly  with  any  de-rec^  of  accuracy. 

In  table  III  the  mean  of  closely  ao-reeino'  dui)licate  determinations  is 

given. 

TABLE  III 

CoMPAiasox  OF  Pi:..TKix  N,  N..x-Pi;oTi:ix  N  -xxi,  .\mixo  X  ix  thk  watfk  rxTi;Ans 


Setues  no.  OC 


Nn-KOCEX   TX  THE   nUV    MATT  IK 


Acotio,   acid    

Tricliloroacctif"    acid    

r()p]y(M-    hydroxide    

Colloidal   ferric  hydrate... 


Total  N 

Total 

AVATER 
SOU'MLE  X 

P ROTE IX  X 

■      1 

Xox- 

EMCOTEIX  X 

INm-  cent.  ' 

Per  cent. 

1 

I'er  cent. 

Vor  cent. 

l.SP. 

0.144 

0.0.14 

0.110 

0.140 

0.0.14 

0.112 

0.140 

0.07S 

o.o.is 

1                 

0.1412 

0.022 

0.120 

AMINOX 

Per  cent. 

0.011 
0.01  S 
O.OO'^ 

0.0:24 
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""''''"'''        .         t.,o  vu-i.u.s  rea.^.'nts  used  for  ven.ovinf,'  the  proteins 

^'^^f"'T:;t^''tl    m>        MiHon  «-^  Ad.nUie.vie.   reaelions.     Sue.. 
«re  subjected  to  the   huu.  t  ^^^^_^^  .^_  .Iruwin-  e(,..- 

::--;':V-''"-i:';;j;;:;;;::;'r;:,:M 

,he  preparation  ot  a  st,d,lt  '."""M,', "-,,,.;„„,,„  ,,,,,,ion  was  found  m 

s';:t'  ;;:.7:jr..r:;:,.;.:;  ;:<t:;.,:. .■=-.  - 

1  L.  f^/L\  it'  tlicse  rea'^'uts  are  speciiic. 
questionable  (14)  U  tiuse  na^  i  ,      ^  ^    ^       |.^j^t  ex- 

rknn  nf  the  dif(ic\dties  encountered  m  ai)pl\  nij;  sucn  tcsls        i 

filterinf):.  .         i  i     i  \- 

The  results  are  conveniently  shown  m  tai)h^  l\  . 

TABLE  IV 

QlALrrATIVE   TESTS    OE    IXTKA.    TS    EOR^nUVrKlXS ^^^^ 


Reaoext 

Copjicr  salt 
.\ifti('  acid 
Triclihiroacetic  acid 
Odlloidal    ferric    hy 
(Iro.xide 


FU/rRATES 


(dt'ar 
turhid 
turbid 
clear 


P.irKET 

negative 
positive 
positive 
j»ositive 


.\l)AMKIE\VICZ 

ju'^ative 
]»osit  ive 
jiositive 
positive 


MiLLOX 


slifjht    ]>ositive 
])osi1  ive 
ne^'ative 
positive 


Quar.tative  tests,  however,  although  devised  for  pure  pn-teins  and  other 
.Wposition  products,  .ua.v  tl,row  additional  li.ht  on  tl,c  results  obtained 
I..V  quantitative  means  and  thus  serve  as  an  aid  m  mterpretatnu..         ^ 
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Discussion 

The  quantitative  results,  table  ITT,  show  tliat  CuSO,  and  NaOII  have 

removed  more  nitro-en  from  solution  than  the  other  reagents.     This  ap- 

pears  to  ])e  tlie  result  of  the  ocelusion  or  formation  oi'  insolul)le  coppcr- 

amino-aeid  compounds  {e.g.,  aspara-ine)  as  well  as  to  the  complete  removal 

of  tlie  specific  peptides  occurrin-'  in  these  extracts  to--etlier  witli  products 

i„t,.,,nr(ii;i1c    Lctwcen    lli.'sc    and    tin'    triu"    proteins.      Tlic    nc-ativc   Iniuv 

ivactior.s    in    tlu-   copper   lihratcs   o^ive    I'liUlier   conlirniat  ion    of    this.    Inr  , 

])osilivc  test  is  first   encountered   in  certain   let  rapept  iiU's  and   is^tlie  i 

intense  the  o^ivater  the  h.'n-th  ol"  llie   polypeptide  chain    (21).      This  sa 

test  shows  tliat  the  other  rea-vnts  have  not   i-eiiioved  peptiih's  and  the  iiiUt- 

mediate  products.     The  colloidal  ferric  liydroxide  -el  contains  the  loAvest 

amount  of  nitro^^en  and  the  hi^^hest  ipiantity  of  andno  N.     The  presence  of 

proteose  a  in  tne  miraies  Irum  me  eououi.ti  ii^^ii  cxv,..cu.-^-i.  --f -j    ^^      o-- 

tionahle  from  the  standpoint  of  its  influence  on  tlie  determination  of  amide 

N,  because  of  the  possible  error  in  the  determination  of  amide  X  in  the 

process  of  hydrolyzing  the   extracts.     This   was   not   investio-ated  furtlier 

because  the  amounts  present  are  so  small  that  the  effect  on  the  analytical 

results  would  be  insignificant.     The  evidence  to  be  presented  in  the  third 

paper  of  this  series  shows  clearly   that   all   filtrates   ccmtain   the   COMI 

groupings. 

Colloidal  ferric  hydroxide,  then,  is  admirably  suited  for  the  sei)aratioii 
of  true  proteins  from  solution  because:  (1)  It  is  more  convenient  and  ex- 
peditious; (2)  it  permits  all  the  amino  acids  to  go  through,  occluding  and 
precipitating  none;  (:])  it  effects  sharp  separaticm  of  true  protein  from  its 
decomposition  products;  and  (4)  the  adsorbed  proteins  can  be  recovered 
quantitatively  from  the  residuum. 


Summary 

Desiccation  of  the  leaves  and  new  wood  growth  from  apple  trees  at  oO', 
60°  or  70°  C.  has  no  effect  on  the  total  nitrogen;  but  relatively  smaU  de- 
creases in  the  soluble  cytoplasmic  i)roteins,  and  increases  in  the  non-i)roteiii 
constituents,  occur  through  drying.  (\)nsidering  tlie  effect  of  temperature 
on  both  coagulation  and  proteolysis,  it  would  appear  that  a  temi)eratiire  of 
60°  C.  is  the  optimum  for  the  desiccation  of  the  tissues  of  this  species,  which 
belongs  to  the  tyi)e  of  i)lants  that  are  low  in  water-soluble  i)rotein  nitro<:en. 

Colloidal  ferric  hydroxide  has  many  advantaires  over  the  reagents  in 
general  use  for  the  se])aration  of  the  simple  and  conjugate  proteins  from 
their  hydrolytic  products.     Keasons  for  this  choice  are  given. 
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^,r^ROGK^■ous  metabolism  op  pybus  malvs  l. 

„  THE  DISTUnUITlON  OF  NITROGEN  IX  THE  INSOLUBLE 
"•  CYTOPLASMIC  1>R0TE1NS> 

W  A  I.  -r  K  I'   'I"  "  o  ^'  ^  *^ 

,.■.,, ,-,.!,.    „|-  Ihr  si.lnl.lr  iiilro-viiniis  cnTishlu.  Tils  oi   in 

,„{iiy,'iir  s  i->'"-        "'  ,1,,.  tliinl  i)ai»'i-.  il  \v;is  (•(.iisHlcivd 

,„„„„  ,,.,wih.  whirl,  will  1-  I— il-l    n  '"       '  I      ,  ,,,,,  .„^.,,„,,,„  ,,,,t. 

:r,,il.->  '-'''<•■'•■■''''■'■'•'"''•'' V'^''''?^^^^^^^v.^^^^^^^ - '--'"i>- 

WHnsan.l  .0  asnTtnin  wlial    llii.-lua.i"-,   il   "    ! '  "      ".^,   ;„„  ,„.■  ^  „„,e- 

L„,,  in  the  distHbulion  .^  hs  •"<7^-'  ^^^f    lis      s.i  portion  was 

.,,  An  additional  n.otive  i-.-'l"!;:,:!"':.  wS  JLod  to  find  between 
afforded  by  the  relationships  ";''-'';^'*'"^'r:;*:"  ,;,,,,..,,,,  •,„  the  ve^'etative 
,.  ,,o„ol  insolu.de  nitro.en    ^  3;;™         '  t    !!  "  ...iW^-.u.)  • 

andreproduetive  proeesses  of  the  ^  ""<"°  '    '"^^    ^'  ,       „,^,,^  i^.^luble  pro- 
Sufficient  Unowled^e  is  not  yet  ava  la ble  to  enabl      be  .^^^^ 

.einstobe  isolated  in  a  state  of  pun  y,  but  Y^^^;;^\^^J^n.us  .roups 
a^ethod  for  determining  the  distn  n.tiou  0  ";-^-;  ,:,.';.  .Afferent 
of  the  protein  n.deeule  whieh  has  urnis bed  ^^^[^^^.e^r,  devised 
proteins  by  their  annuo  aeid  ,uaKe-up       Ihis  '"^tl  oa  ^^^^ 

acid. 

Experimental 

Samples  of  leaves  were  eol.eeted.  from  !^ ^-y-^-'''-^'':::''J;TZ 
...  ...win.  in  sod.  at  three  ^f^>^.^y;:^^::^:Zt^Z^^.l..r. 

earlv  period  of  bud  formation  (May  l-i).  (-)  '1*1"  '     ,   i„„,„p„tion    i>    of 
.rowth  (.Tulv  22),  and  (3)  at  the  period  of  ehloropbyl  defreneiat.on,  ir., 

declining  metabolic  activity  (Nov.  11). 

Five  .rams  of  eaeb  residuum.  <lri..d  /.  van...  '^^-^'^'-'''"f^'^^Z 
,nc,ion;ith  water  as  .leseribed   in  the  preeedin,  paper  -     ~^^^^^^^ 
thoi-efore.  of  the  ins.dulile  eytoplasmie  ,>roteins  and  the  -''>''--    ';:;\'''; 
oJtlie  eell  wall,  together  with  sueh  non-pro.ein  nitrogenous  -^^<^^ ^_ 
tats,  looithins.  ehloropbyl,  and  the  purine  and  pyrimidine  bas,  s,  weie 

as  seiontific  paper  no.  4E>  and  contril.ut u.n  no.  -)  tiom  int        i 
anil  Biological  Chemistry. 
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.      1     1    w  11..V.V1  hv  other  for  the  removal  of  fats,  ehlorophyl 

*-?f  .;;■'•  :  td  :  t  n    nl   a    e     r,,,,  0.5  per  cent.  IICI  (10)  to  hyd. 

:"    t";         ;ri'    -^brhydrates  (5).     Attor  tUtenn,  and  .vaslun,  .,j 

oTJ  te       aeh  reshluun,  eonsistin,  of  the  hnpure  pr.,te,ns  was  hydrolyzed 

til'')  per  cent.  IKU  for  48  hours  on  a  sand  batl,,  w,th  the  usua   pre«. 

s"l       are  eompavable  resulls  (4).     The  sn.all  an,ount  ot  protem  X  „ 

•  ,  rro„.  ,h  '  ().:.  per  >-,.  IH'l  hvdroly.i.  was  sn.ar:.e     an    l,y,W 

'"  ,         -1      1  hv-  1!  \M!i -icN    Ni.\  i:ns  jind  (-ivi.\i>LiA  lO  . 

Uy<Ml  -irter  the  process  (lesrnlxMl  h\    JlA^l!^M■^,■ 

;  .     nhin.l.     Th.n.iau.was<lissolv.dinl.n)...oMv<n.r.nu    as.. 

exeess  oi  M^O  .i(UU<i-      n      i  deserilH'd  hv  Mokrunv  and 

was  then,  with  sli-htiH(.(liiieati<nis,siinil..i  to  UmI  <«<-^" 

GORTNER  (7).  .  n      T 

Tlie  anaiytieai  uala  aic  |»i^.-  ->-^^  -•■ 

TABLE  I 

TllF    IN'SOLUHLH    CYTOPLASMIC    PROTEINS 
DISTRIBUTION    OF    N    AS    1>KRCENTA(;K   OF    TOTAL    NITKOOKN 


XlTRO(iKN   FRACTION 


Skkii  s  NO.  :i 


(a)         (b) 


If).  50 

7.812 

8,05 
20.62 

i 
5.80 

14.82 
5.25 
15.:?  7 
5H.10 
5l.:?0 

1.80 
!)7.27 


15.20 

8.00 
0.20 
8.15 


20.55 


lost 


52.80 
51.00 

1.80 


34.i>l 


.      V  (A) 

Ammonia    ^  ^ 

Insoluble   humiu   X  ■      (-^^ 

Iliimiu  N  pre(Mi>itated  l>y  Ca(OII)^    ((^) 

Total   humiu   N (^^  ^1^) 

Total   basic   N  (^) 

Basic  X   set   free   as  NII^  by   50^^ 

KOH    (arginiue) (^'^) 

Basic    N    not    set    free    as    Nil,,    by 

509r    KOII    (^  -J-''^ 

Amino  N  of  bases  (*^)^ 

Non  amino    N    of    bases     (l^-^^') 

N  in  filtrate  from  l)ases (<"^) 

Amino  X  in  filtrate  from  bases  (H  ) 

Kon  amino      X      in      filtrate      from 

bases  V 

Total  X  obtained  

trnctiun  «ith  alcl.ol  and  tluM,  «i.l,  CIht.     This  «oul,l  -on,.,,,  .  ;•"■'•"""' 
gon,  l,.,t  the  total  anmunt  as  c.mu.aro.l  will,  the  i.rot,.,n  N   r.osont  ,.  sn.all. 

Discussion  and  conclusion 

Is  it  justifiable  to  draw  from  the  eonstaney  of  the  <li-lribution  of  nitro?e. 
the  conelusion  that,  althon-h  the  leaf  i.roteins  vary  ,iuantitat,vely  thr    r 


Skriks 

^v 

14.80 
7.75 
0.24 
7. '.>'.» 

21.80 

5.02 

15.88 

I 

54.85 
53.20 

1  .(•)5 

98.72 


NO.  20      Series  NO.  33 


(b)     i     (a)        (Vi 


14.20 
7.70 
0.27 
7.97 

21.70 

O.eo 
15.70 


16.40  16.00 

9.00  8.^1) 

0.24  0.29 

9.24  9.19 

22.05  20.30 

6.:u  0.13 

15.71  U.13 


!>9.44 


55.00  ^4.20 
53.00 
I 

2.00  - 

102.69  91'>'^ 
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T  +  o  +  ^'oK'"  In  other  words,  do  these 
„„t  their  cycle,  they  '^-';-;:^;;;-:^:;  ^Yn'tbe  Sues  or  do  they  contain 
results  indicate  that  a  sm.^le  V^'^'^^^  ^,^.,,„  -^  ,,,„.,i  proteins 

a  mixture  of  several?     Osborm.  (9)  '^^J'^  •-  ,„.i,^  „,,i,e-up 

,,,t  changes  m   heu  r    at  1  ^^^^^^^  ^^^^^^^^^^  ^,^^,  ^,,^^.,^  ^.,  ,,,      do 

at  present  available,     Ik  ,s  <  t  ^^^.^^  .^      .^,^^,^^^  ^^  j,,,,^ 

„„t  .rive  ohxoMr  /«'«"/•  l-'rhaps,  that  a  snv      I 

immMUhes.nnlanlyolaltl.M    u..    M  ,,;,.,.,,,.„„„.„   „,..„,,-..d    in   the 

J,,,,  the  proteins  vvre  ul-ntH-  L  '    ^  ^  ^^     ^,^  ^^  ,„,  „,,„,.„  „f  a 

amino  acid  con. e^  there  ..uUi  J;;;^^;;;;-^;--^  ,^,  ,„,,  ,,.,,„  .„til 

:r:::d:tr^>;;.^ne;.,dabie..t. 

place  durinsr  its  development.  »  .,„vv,.lMti.)nship  to  plant  per- 

Froni  this  standpoint,  then,  it  is  clear  that  any  '  '  '^^^    ^  ^^^  ,.^,^1,0- 

taance  that  may  be  diseoverab...  beUveen      e  ;.^.   -.„,.,,  ,,  the 
hvdrates  must  be  due  to  ,|uantitaUvc  and  n.,t  .pialitatue 

nature  of  the  insoluble  proteins.  ,.„rM,sTin- 

DK,.A,nMr,NT  OK  .Vau.r,.T.KA.>  AN,.  B,o,,.K,,. M,  (.....^^s,K^. 

A<iKl.UI.TrHAl'    KXIM,iaMI-,N-TSTATI(..S, 
Tin;  1>K,N.S-SV1.VAN1,\   STATK  CoI.I.l.iK, 
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1     r  ,-.  r    A      The  ori-in  of  the  humin  f..rm.-d  by  the  acid  hydrolysis 

'    ""T  iit,    VcUy^lrolysis  in  the  prescnc..  of  carbohydrates  and 

of  ildchydes.     Jour,  IVu.l,  t'"-'' ^^^     ',''--^"- ,„;',.;,,„,,,  „£  ex- 

2 .     On  the  hydrolysis  ot  ,.ro(.Mns  m  tlu    I  ' ' ^^J  , 
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traneous  materials  and  on  tlK   oivii.  ,.>-)_v>4      1'118 
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XTTKOCKNOIS  MK'rAI>nlJsM  (>K  /'V/.7\S  MALI'S  L. 

HI     TllK    BARTITIOX    OF    NITIUXJHN    IN    TIU^:    LKAVKS,    ONH 
AND  TWO  VKAK  lU?  \X(TT  OROAVTH  AND  XON-BEAKIXO 
SPURS  TllRor(JllOUT  A  VKAR'S  (^VCLK* 

\V.\!.Ti:  K     Thomas 
(WITH    FOTR  FKirKKS) 

Introduction 

Osborne  and  his  colleagues  (23)  in  discussin-  the  status  of  plant  chem- 
,trv  state-    ^It  is  true  that  we  know  a  multitude  ol'  products  derived  trom 
plants,  and  we  know  much  of  the  chemistry  of  these,  ])ut   this  knowknl^e 
consists  mostlv  of  isohited  facts  which  contribute  .(miparatively  little  to  a 
knowled-e  of  the  chemical  make-up  of  the  plant  as  a  whole.         1  his  situa- 
tion is  due  to  the  fact  that  the  lai-est  contributions  to  ouv  knowledo-e  ol 
the  compounds    formed   by    i>lants   have   emanated    from    investio-ators   in 
th,  ,h,„ii.al    lalH.ratories   ,.f    laroe    pharmaceutical    manutacturino-   estah 
lishmeiits   who   have   vioorously   prosecuted   research    in   this   direction    lor 
the  purpose  chiellv  ol'   isolatin^r  products  of  interest   and  value  m  thera- 
iK'utics      Such  investioations  are  not  concerned  with  the  enei-otics  or  dy- 
namics of  the  i)lant,  I.  r.,  with  the   functions  and   fate  of  the  compounds 
i.)hited,  in  their  relation  to  the  response  of  the  plant  to  the  internal  con- 
ditions existin-  durino-  successive  sta-es  of  their  life  cycle,  by  whatever 
nu'ans  these  may  have  been   pi'oduced. 

The  theories  of  Liebk^,  thou-h  shown  later  to  be  false,  spurred  the  early 
airricnitural  chemists  and  ])hysi()loo-ists  to  carry  out  a   prodi-ious  amount 

M>u].r.slu>.l  witl,  tho  approval  of  the  Dinrtor  of  tlu>  A^ ri.-ultural  Kxprrimont  Sta- 
t.-m  a<  srirntitir  paper  .....  4l2S  a..-!  .(...t.ibutio..  ..o.  -.•  f.on.  th.-  1  h-partM.cnt  oi  Ao,-,- 
'ultuiul  and   P>i()l()oi('al  ("li('i..istiy. 

lOi) 
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of  work  on  the  (iiiantitative  c'lian<^'i's  of  tlie  various  clcmeiits — ions— ab- 
sorbed by  the  ])hnit  tlirou<»hout  the  prineipal  vei^etative  periods.  :\lu(.h 
of  this  work  is  abortive  because  tlie  nietliods  then  used  (U)  not  eon  form  to 
modern  standards  of  aeeuraey.  The  rai)id  advances  dui'ini''  tlie  hist  two 
decades  in  the  chemistry  of  proteins  and  tlie  products  of  their  liydrolysis 
necessitates  tlie  investi<^at ion  of  the  function  of  nitro^'cn  with  the  jipjili- 
catioti  of  tliis  ncwci'  l^nowlcdiic 

Scori.    AM)    i.l.M  i'l  ATIONS    OF    'I  MIS    1  N  \  I  :>JI(  i  A'llOX 

'J'lic  iii\"cst  iuat  idi!  of  llic  dynamic  sv^tcms  pi'odiicrtl  by  liic  ia!''^('  iium- 
ltd'  of  clicmicai  !-('arl  i(»tis  wliicli  liaxc  "^incii  rise  to  ihc  \ai'ious  iiitinncu 
componiids  in  the  plant,  and  ol'  tlic  I'uiiclioii  ol'  the  iiidixidual  Ltroups  in 
metabolism,  is  a  kiborious  task  invoUinii,'  much  observational  aiid  analytical 
woi'k.  A  (juantitative  measure  of  the  chan«»'es  umk'r^'one  by  the  vaiioiis 
nitr()*j^en  ^'I'oups  throu<ihout  a  yeai'  s  cycle  is  outlined  in  tins  paper.  iUit 
what  sixH'ific  I'ole  is  i)layed  by  each  in  the  metabolic  cycle  and  in  wliat 
nnmner  their  acti\ity  can  be  controHed  are  problems  for  furthei*  investi- 
gation. In  the  next  i)apei'  it  will  be  shown  in  what  manner  fertilizer  ap- 
plication of  an  inorganic  salt  like  XaXO.,  can  modify  tlu^  seasonal  clum^^es 
in  some  of  the  princi])al  nitrogen   I'ractions. 

It  is  doubtfid  if,  in  tiie  i)resent  state  of  our  knowledge',  all  the  data 
accumulated  in  these  in\ est igat ions  can  be  interi)i-eted.  A  great  deal  of 
infoi'mation  and  insight,  however,  can  be  obtained  with  respect  to  the  ti'aiis- 
foi'inations  taking  place  and  also  to  the  relationships  of  the  various  i'rac- 
tions to  one  aiiother.  The  bearing  of  the  I'csults  pi'csented  in  this  paper 
to  practical  liort  icult  ui-e  has  been  presented  in  a  pi'cxious  report  (37i. 
It  is  of  interest  to  note  that  no  relationship  could  ])e  discoxcred  between 
either  te*  })erature  or  sunshine  or  I'ainfall  or  humiditx'  and  an\-  ol'  the  iii- 
trogen    fractions. 

The  cont(Mi1  of  soluble  nitrogenous  constituents  of  the  cells  from  aerial 
l)ai1s  of  Pifnis  }n<iliis  is  i'(datively  low  (35)  ;  thus,  only  sex'en  to  ten  ]n'V 
cent,  (dej)ending  upon  the  season  of  the  year)  of  the  total  nitrogen  of  the 
leaves  is  soluble  in  watei'.  This  is  the  case  whether  the  soluble  cell  prod- 
ucts are  obtained  by  means  of  cytolytic  aucnts  or  by  direct  (xtractinii 
with  water.  In  these  inxestigat  ions  pi'efei'eiice  is  gixcn  to  the  latter  iiictliod 
(35).  Since  nothing  was  to  be  gained  by  an\-  fuilhei*  invest iuatioii  oi' 
the  soluble  cytoi)lasmic  pioteins  (36).  the  next  logical  proceduiv  a|)peai'C'l 
to  be  an  examination  of  the  metabolically  active  or  reactive  phases  of  lli»' 
products  of  the  niti-ogen  t I'ansformat ions.  These  are  measured  l)y  (luaiiti- 
tativ(>  detei-minations.  dining  a  yeai-'s  cy(de.  of  the  flinduations  of  tlio 
various  gr()U})s  of  nitrogen  fi-actions  soluble  in  water.  The  relatioiisliips 
of  these  fi'actions  to  one  another  and  to  any  external  factor  oi"  factors 
liav(^  also  been  invest i<ra ted. 
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(VXTALVSKKS    IN     OKOWTH    AND    KKIMJODICTION 

The  classical  investigations  of  Kmmkkl.N(;  (10)  had  indicated  the  re- 
Hionship  of  amino-acids  and  amides  to  the  synthesis  of  proteins,  but 
Carole  in  growth  had  not  been  stressed  until  MacDo.a.xl  and  Spokhk 
ll  AIcGfe  postulated  that  amino-acids  and  amides  were  the  principal 
•!  -tioHs  inlluencing  the  rate  of  growth  by  functioning  as  catalytic  agents, 
':;|,,,  pv  in.-reasiim'  the  hydration  capacity  of  the  pcntosan-pn.t en  col- 
1^-1,_  ;,:.„oov.lcd  hy  the  inrnicr  ^  21  .  or  by  accMrrat  mu'  the  rate  oi  car- 
bJAViratc  katahnli^ni.  a^  indicat'Ml   !.>    tlic   latlci'    ^  33    .  ,     .     .  •       n 

\pp.,uoh  the  invcstiuatioM  n,  r,lrn   u^vcn   ,i,  a  crude  and  rou-.h,  ta^hion) 
•ip,,  ,,,urscoi    dUinltc   rcaHion   txp.-    xsidi   t!..   Impc  m   d  ,s,-nx  cnn.'  a  nn  i- 


nl 


.li,,  between  then,  ai.d  1  he  compi H-aled   proce..es  m  the  cell,  may    lunnsh 
valirihle  <-lius.   nevertheless  the   extension   and    generalizatn.n   ol    .h.gmatic 
;lf.rpretations  and  c(mclusions  fnmi  exi.eriments  like  MacDoicai/s,  car- 
Xdout  in  rilro  to  processes  /.   riro,  must  be  made  with  considerahle  reser- 
v,tion      Moreover,  in   Si'ok.ik  and   Me(ii;i:'s  experiments  dealing  with  the 
,,Ve,t  of  fee.lino-  o-]vcocoll  on  the  stimulation  of  the  rate  of  respiration  and 
,.,H)ohx<lrate   consumption,   the    plants   and    also   excised    leaves  ^x•ere   sub- 
j,.,,,,l  p,  „„re  complete  shading  tlian   xvcmld  occur  under  normal   growdi 
;,,Hditions;  hence,  the  conclusions  drawn  are  hardly  applicable  :«.  the  nor- 
mal processes  of  the  ].lant.     Again,  the  behavior  of  nitrogenous  compoun.ls 
aseatalvtic  agents  is  not  i)eculiar  to  amino-acids.  for  Dak.x  (9)  found  that 
„„t  onlV   amino-acids  Imt    also   pei)tone  could   be   used   to  catalyse  certain 
condensations  at    low   temperatures,   and    K nokvknaoki.    (cited  by    Damn, 
/,.     .//     p    :,())    found    thai    even    organic   bases    ( .lielhylamine.    pMH'n.lin.', 
,„ili,„,  ,nd  other  bases,    could   be  used  to  ])ring  ab.mt    a   num])er  ol   syn- 
theses   at   low  temperatures,  such  as  the  union  of  aldehydes  an<l   pept^nu'S, 
and  substances  containing  the  -(M)-.(T1,.(M)       gnmp.      Since  the  other 
nitnM.en    fractions,    r/:.,  ammonia,  amides,   peptides,  basic  e,mip(mnds  and 
also  those  unclassified  nitroueii  comp(mnds  that  do  not  respond  to  the  tests 
in  aiiv  scheme  thus  far  develoi)ed  for  ].art  it  ioning  the  cmiplex  nitrogenous 
compounds  of  plants     the  so-called  -rest"  X   fraction     are  shown  m  these 
experiments  to  take  part   in  the  nitrogen  transformation  during  the  vege- 
tative cvcle.  the  specilic   role  of  each    fraction   in    relation  to  the  synthesis 
and  deuradation  of  proteins,  and.  therefore,   in  the  growth  and   reproduc- 
tion  processes   must    als.)  lie  considered.      The    present    investigations   indi- 
eate  that  these  ''rest*'  X  comiumnds  may  play  as  imimrtant  a  role  as  the 
amino-acids.      The   acticm   of   catalyzers   is   attribute<l   t..   tlndr  capacitv   to 
exist   in   <rifferent    states  of  oxidatimi.      Xitrogen,   coj.per.   manganese   and 
inm,  for  this  reason,  are  especially  active  catalytic  agents.     (\)()K   (6)   has 
liiven  evidence   from  whi(di   one  may  deduce  that    iron  and  copper  are  the 
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l)rime  oxidation  catalysts  in  cell  metabolism.  The  strossino-  of  the  im- 
portance ol*  amino-acids  has  had  the  imt'ortunate  effect  of  leading-  some  to 
believe  that  determination  o\'  these  acids  may  indicate  or  ])e  a  measure  uf 
the  vigor  of  growth;  but  this  hyi)otliesis  is  not  borne  out  in  the  present 
investigati(>ii«^  I^  i^  l)ossi])le,  therefore,  that  the  'M-est"  X  compimnds  am] 
l)()ssi])ly  other  fi'actions  may  !)lay  a  role  cfpinlly  as  impoHaiit  ;is  jiiniiio-acids. 

Materials  and  methods 

Ki.iMiNA'nN(i  NAHiAiu.i-.s.  SiiH'c  llic  different  parls  of  ;i  fruil  live  ap- 
pear Id  behave  as  iiKh'peiident  unils  (1,  19  i  and  liecaiise  variations  ,.t  vum- 
])()si1i()n  neeur  from  tiie  tip  to  the  basa!  part  of  the  shoot  (39),  the  (himn 
ation  of  all  conti-ollable  variables  is  essential.  For  this  irason,  in  all  ex- 
j)erimental  work  involving  analyses,  fertilizers  should  ])e  api)lied  uniformly 
around  the  root  svstem  and  care  exercised  to  sample  the  u-oo  u.dformK  h 
is  obvious,  also,  that  if  comparisons  are  to  be  made  ])otween  two  or  iiioie 
trees  they  should  be  of  the  same  age  and  variety,  growing  in  a  homogenous 
soil.     These  principles  were  adhered  to  in  these  investigations. 

Difficulties  inhkkknt  to  analytical  investkjations    in    pkhknmai. 
WOODY  PLANTS.— llAHVLY  aiul  Mi'RNKKK   (14)   luivc  discusscd  tlic  analyti- 
cal difficulties  of  experimental  work  with  woody  ])erennials  such  as  fruit 
trees  in  comparison  with  herbaceous  annuals  like  the  tomato.     Reference 
has  been  made  to  one  of  the  disadvantages,  viz.,  the  behavioi-  of  the  dif- 
ferent parts  of  fruit  trees  as  independent  units;  another  disadvantage  lies 
in  the  relatively  small  percentage  of  active  tissue  i)resent,  in  conse(iuen(T 
of  which  special  refinement   in   analytical   methods   is  essential.     Still  an- 
other difficulty  that  is  not  enccmntered  in  her])aceous  i)lants  lies  in  the  rela- 
tive alterati(m  in  the  proportions  of  wood  to  baik  with  age.     The  ratio  ct 
wood  to  l)ark  vaiies  from  the  apex  to  the  ])ase  of  the  branch  in  the  sense 
that  it  increases  with  the  age  of  the  growth.     A  determination  of  the  nhsn- 
Uif(    changes   in   magnitude  of  any   group   or  constituent    throughout  the 
vegetative  cycle  is.  theret'ore,  i)recluded.     However,    relative    iluctuations 
and  especially   the  direction   of  these  changes,   as    influenced   by   external 
factors,  can  be  studied.     The  difficulty  of  the  wood-to-baik   ratio  may.  in 
])ai't.  be  overcome  ])y  se])arating  the  bai'k  fi'cmi  the  wockI  and  analyzing  caeli 
.se})arately :  but  even  this  method  is  not  free  from  criticism,  for  during  the 
intei'val   required  to  se})arate  the  ])ark   from  the  wood  enzymatic  chanijos 
can  take  ])laco  thai  might  seii()usl\   affect  the  results.     Analyses  have  been 
made  both  with  and  witlumt   sei)aration  in  these  investigations,  with  the 
result  that  no  advantage  is  derived  from  such  a  sei)ai'ation.     ^Moi'cover,  the 
inter])retati(m  of  results  is  not  changed  l)y  the  method  of  ])i'ocedure  in  this 
I'cspect,  because,  although  the  ])ark  is  higher  than  the  wood  in  t(<1al  mtrn- 
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,    it  is  lower  in  most  of  the  water-solu])le  fractions;  consecpiently,  when 
I'eurves  for  amino-acids  and  amides,   for  example,  are    drawn    tor    the 
la  and  the  bark  separately  throughout  the  cycle,  the  relative  increase  m 
Zs.  of  wood  to  ])ark  is  eounter])alanced  by  the  somewhat  higher  amounts 
f  these  fractions  in  the  wood  compared  with  the  bark. 
'      V  Stavnian  Winesa))  tree,    ir>  years  old,  in  the  -off'  ])earing  vear,  ot 
,,„,;,„    )n".torv    and    pe.-fo.manee.   growing   in   sod    in    the   (\.llege    Kxperi- 
,^„,„1,1    Orrhard.    was    ii.e.!    in    this   in  vest  iuat  ion.      It    received    an    ai.plK'n- 
^',,„  \;  ;,  li,..   XnNo    on   April   7.   l!)--^:'..     The  deMrabilllv  oi    itsI  ri.-t  m-  n,e 
2y\,  io  one  tree   is  (.bvion<  as  a    means  (.1     eliminating    va  riabilil  y.       Ah 
,i,„„,.l,   ;,   roM.po^ilr  san.pl.'   of  a    number  ni    t  r<v>.    proNi.led   they   were  ol 
„,,  s.,,ae    va.u'tv    and    aue.    if   available,    would    gix.'    h.rger   sami-h-.    ihu. 
,..,.ilitatin-  analvtical   work,  the  possible  a.lvantages  t(,  be  gained   by  this 
n'roeodure  wouhl  be  e()unte]'])alanced  by  the  disadvantages  attendant  iii)on 
the  inahility.    m   a    i)reiiininar.\    in  ^  v.mij^.m  .v<i., 

hehavior  of  one   plant.  _ 

Sami)les  of  leaves,  n()nd)earing  spurs,  and  l,ranches  ot  three  different 
ao'cs  (one  vear,  two  vears,  and  three  to  seven  years)  were  taken  at  eleven 
ihtes  betw-eeii  June  Is,  !!)-:>>,  and  June  11,  1924.  Th(>  sampling  was  done 
at  times  when  the  meteoroh.gical  (rainfall  and  humidity)  c(mditi(ms  had 
been  favorable  for  three  cimsecutive  days  i)receding  the  taking  ot  the 
samples  The  diurnal  variations  which  occur  in  the  tissues  of  the  ai)ple 
tree  were  found  to  ])e  small  c(mii)ared  with  the  seasonal  changes.  They 
were  avoided  ])v  alwavs  taking  the  samples  at  the  same  tune  ol  the  day 
in  the  earlv  morninu-.  Although  a  small  decreas(>  oecurred  m  the  total 
nitrogen  at  night,  no  changes  c(mld  be  observe<l  in  the  total  water-sol- 
uble products   during   this    period. 

Fractionation   methods 

The  method  of  exti-actiini  has  already  been  desern)ed  (35).  S(mie  in- 
vestigators effect  the  exti'action  of  nitrogeiums  constituents  by  means  ol 
boiling  water.  This  method  is,  however,  objectionable  not  only  because 
a  eert'iin  degree  of  i)eptonizat ion  of  i)roteins  may  take  ])lace,  Imt  many 
nueleins  are  (lecomi)osed  ])y  Imiling-  water  with  formation  of  hyi.oxan- 
thiiie.  etc.  (30).  Water  at  40°  i\  was  used  f.u-  the  extraction  m  this  in- 
vestigation. 

Anv  method  of  sei)arating  the  nitrogen  fractions  will  necessarily  be 
hased  upcm  the  work  of  the  army  of  investigators  who  have  eontributed 
to  our  knowledge  of  the  analysis  of  proteins  and  their  hydndytic  prod- 
ucts. Among  the  contemporary  workers  who  have  sought  to  a])ply  the 
nitrogen  distribution  methods  to  heterogenecms  c(mi])0unds  of  ]dant  oi'i- 
gin  should  ])e  mentioned  (^mr.NALi>,    Williams,    and    the    Illinois    group 
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(llAMii/rox,  (Jhindlev,  and  colloa^mes),  who  bavc'  contributed  numerous 

Tvmors  in  this  fiehl. 

'     Tw,.  aiftVivnt  nu.thods  <,r  so,.avati„n  l.avo  l.oon  uso.l  by  the  wntoi-  as 
Insis  lor  the  .•lK,ra<4ori/.ati,>n  of  the  various  non-protci.i  rractions.    Tbcso 
nvo  methods  are,  for  ch.rit.v,  represented  here  diafrranunatieally. 

The  two  sehe„H>s  differ  Nvitl,  res|,eet  to  th..  ri-or  of  the  liydrolysis,  re- 
„,l,i„..   in    a    differentiation    with    respeet    to    (,-)    Die   distrilmt  urn   ol    tlie 
;„„„„;„„i„„-    an,l    the    d,-an,n,o-,-,..,ds.    and    - /, )     -.1     the     substanees    defr- 
,,,,,1  ,.  ,„,ide  \       .\b.st   of  th,.  eunipIcK  peptide  hnlun-s  NV.mld  be  decnni^ 
l,a  l,v  tl>.-  slrnnuvr  hydrolysis  with   20   ,,..■  rent.    iKM.   so  that    wlierras 
|,„  ,,„,;|,,    \    ,„    iVaHinnaliun    sehc-nu'    I    includes    the   mnd.ined    ;-   w-d    as 
!,„,  \,,,      (■(,--  Nil,  -roups,  the  inil.l   hy.lrolysis  adopted    n.    Iiaet  lonat  n.n 
s,.l,ome   II   ^ives  as'anmle  X  only  aspara-ine  au,l   <,the,'  sinidarly  e.msl,- 
n.toa  aei.l  amides,  i.  <..  those  bavin,^  the  -('(.-.ML  ^roup   free.     Asaiu 
in  sehei.ie  I  th.'  free  amino   (l)otli  mono-  and  <ii-;   and  alsu  toe  (om.r.nec. 
.,n,i„o  \   Ibotli  mono-  and  di-)    are    .Uderinine.l    scpHrahJy,    whereas    m 
scheme  II  eompounds  eontainin-  the  eombined    <li-amin(,    X    Jifoups    are 
,„,,eipitated  with  tile  bases.     The  latter  fra.dionation  method  wdh  there- 
lore   <'ive  oniv  the  free  moiio-aniino  X,  . 

v'.rroui)  of  not  verv  clearly  defined  nitrogenous  eompounds,  m..  the 
s„.called  -'humin--  and  "melanin"  tract i,ms  are  se,>avat..d  m  both  Irac- 
,i„„„i.,„  ,„ethods.  The  origin  of  the  "humin-  X  fn.m  the  hydrolysis 
,„■  p,.oteins  has  been  studied  by  (lo.rrst.H  ,/  .,/  (11.  12.  13.  16).  'Ihe  erm 
•■melanin--  X  is  nse.l  bv  the  writer  to  denote  the  .-cnnpounds  pre.opitated 
l,v  CalOll)  .U'  M..(Oil)..  It  represents  the  nitrooen  belon;jin-  to  the 
,;.i,|  ,,i„„„.nt-lil<e  l,odi..s  found  in  the  sap  cd'  plaids.  .MoHliow  and  (louT.S-ER 
(22)  believe  that  this  nitroyvn  may  als.,  l,e  ,lerive,l  fr.an  the  cal.oum  salts 
,„•  ,l„.  |,„,ine  and  pyrimi.line  liases.  This,  however,  is  questionable,  tor 
the  liariuin  salts  of  the  |.yrimi,lines  are  (piit.'  soluble  as  air  also  some  ol 
the  alkali  earth  salts  of  the  ])uriiies  like  tbiobromine  sodium. 

.\s  already   mentioned,  there  remains   in   both    rractionati.m   sclu'ines  a 
mm\,  of  iiitro-en  nmipounds.  usually  designated  as  '-rest      X  or  '  other 
X.  whi,-h  ,lo  not    respond   to   the  tests   in   anv   s.-benie  thus   far  ,leveloi,ed 
,■„,.  .leterminin..-  the  partiti.m  products.     This  resi.lual   X  .-ammt   represent 
identical  nitro-en  compounds  in  the  two  hicIIkmIs.     Thus.  111  scheme   I   tlie 
■■rest-   \    will    irpreseiit    the   diffeivn.M.   betwcn    the   total    n(ai-pr<it('ni    .N 
and  the  sum  o(  the  amimmia.   free     (mono-    and     di-)     nmiiio,    cimbuied 
111101.0-  an.l  di-)  amino,  free  and  combined  amid.'  and  also  '■huniiii     nit  10- 
S.-.'ii;  while  in  s.dieme   II.  base.l  .m  the   llArsM.\NN    (15  1  ^separat  i.ai  ol   tli.' 
m.ai...  an.l  di-amin.i  aci.ls  bv  pb.)S]diotuii(rstic  a.-id  (  II.  I'.  W.).  the  •'rest 
Xwill   r..pr,.s,.nt    the   .liff.-irn.'e  iMdwi-en   tb,'  total   non-protein   X   an.     tli.' 
sum  ..r  tb.'  anim.inia,  free  iii.aio-ainino  X.  asparatrine  X   (aiiu.le  X)    (^a). 
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basic  N  and  "liumin"  N.  These  basic  nitro«i-eii  coiiipounds  comprise  the 
derivatives  of  trimethyl-aiuine,  hyg-rine,  adenine,  clioline,  betanie,  stacliy- 
drine;  the  purine  bases;  and  also  the  basic  di-aniino  compounds  like  argi- 
nine,  histidine,  lysine  and  cystine. 

The  first  fractionation  scheme  then  determines  ])oth  mono-  and  di-aiuiiio 
acids,  but  the  bases  and  di-amino  acids  are  I'cmovcd  ])y  |)lH)s|)]i(){un<vstic 
;ici(l  ill  the  second  I'l'act  ionat  ion  method,  and  which.  accordin<^l\-.  est  imalcs 
only  the  iiK.iio-Jimiiio  acids.  It  will  he  shown  in  ;!  lalcr  piipcr  lliat  llir 
"rest"  X  compounds  of  sclieme  11  are  hiiiiicr  thi-ouuhout  the  ryclc  tli;ni 
those  (.'f  sclieme  1.  Tliis  indicates  [(n  that  the  peptide  comhinnt  ions  pres- 
ent ill  ///f.sT  jilfnihs  are  iiot  i)recipita1ed  hy  phoNphol  un-jsl  ic  acid,  tlitiu'jii 
doubtless,  as  found  by  X^ickkhv  (43  i,  some  poiypept  ich's  ma\  be  pirci|)i- 
tated  by  phosi)hotungstic  acid;  or  (/>)  that  tlie  c(md)ined  mono-  and  di- 
amino  N  compounds  [i.  c,  compounds  containini;'  ])ei)tide  iinkajics)  are 
present  in  the  non-protein  I'ractiim  in  much  larj^'cr  amounts  tlian  tiie  l)asii' 
nitroji'cn;  or  (c)  that  a  portion  of  tlie  "  I'cst "  X  fraction  has  underuonr 
decomposition  during  the  more  vigorous  hydrolyses  adopted  in  sclieme  I. 
Thus,  Chibxall  (3j  found  in  his  starvation  experiments  that  hydrolysis 
with  strcmg  acids  comi)letely  decom])osed  the  "rest"  X  compounds,  half 
their  nitrogen  appearing  as  ammonia  N  and  al)out  one-third  as  ])ases. 

Without  going  into  details  resi)ecting  the  nature  of  the  sui)stances  jire- 
cii)itated  by  i)hosi)hotungstic  acid,  fi'om  the  literature  of  the  su])ject  (18, 
24,  31),  it  is  certain  that  a  varia])le  ])i'oduct  is  ol)tained,  depending  to 
some  extent  on  the  concentration  of  the  solution,  and  (  voi  in  flu  vasi  nf 
(he  (/(composilion  produvfs  of  jjurc  proh  i)is,  othei'  decom|)osition  prod- 
ucts besides  the  purines  and  the  di-amiiio  acids,  histidine,  arginine.  and 
lysine  ap])ear  to  be  pi'cclpitated  l)y  phosphotungsic  acid,  accoixling  to 
conditions.  Pi'()l)a])ly  leucine  and  tyi'osine  may  also  ])e  ])recii)itated  (31). 
KiKSKL  (18)  under  the  conditions  of  ])recij)itation  used  by  him  found  ])otli 
phenylalaiHiie  and  aspartic  acid  in  the  ph()s|)hotun<2^stic  acid  i»recii)itate. 
These  I'csults  ai'c  \nid()ul)tedly  due  to  the  woi'king  conditions.  Since  tlic 
l)hosj)h()tungstat(>s  of  some  amino  acids  ai'c  i-elativ(dy  insoluble,  as  a  pr^'- 
cautionary  measui'c,  it  is  always  desirable  to  dilute  to  a  large  volume  he- 
foi'c  attempting  sei)a]ation  of  the  ])ases    (42). 

The  first  fi'actionat ion  scheme  was  adoi)ted  in  the  l!)2;>-24  ex|)ei-imciits 
which  are  desciibed  in  this  ])ai)er  and  the  second  scheme  in  the  exi^'ii- 
ments  to  be  descrilx'd  in  a  latei'  pajx'!".  Although  undoul)tedly  superior 
to  the  second  scheme,  fi-om  the  standpoint  of  accuracy,  the  first  method 
l)ossesses  the  disadvantage  of  being  time-consuming,  owing  to  the  addi- 
tional separations  reciuired. 
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Details  of  analytical  phocedlhe 
A„c.„tioH  is  .-.IkHl  nt   llu.  outset   to  tbc   Inct   tlu,t  uitri-  N  was  foun,l 
o„h   nt  one  i.erio.e -just   as  the  l.ttds  a.r  opcM,!,.,-.     Tl.is  pomt  has  boon 
acsoribod  I'liHy  olsowlioro  (38). 

(,,)     Ammoxi.\  \"   This  inohulos  tlio  ainitionia  of  amiiioniuiu  salts  and 
■    „.,,,||v  ,l..MTi!H.,l  in  tl,o  liloraturo  as  "|-n..."  annnonia  I'...-  tl.o  purposo  of 

;,ir,n'nnann.   Im...,..,   ,ins  a.nn.onia   and    ,l,a1    lor I    by   H-   ''.v  -L-- 

.,„„i,|„.      Ina.nin.h  as  11,0  pn.t-in-n-on  ,ol   (35.   is  mo,v  ooa.hly  idPTo,! 

if  ,   .,„„,    „,d  inasnnn-h  as  a  sb^'bt  ,lo,M,M,posi,ion  of  poplid.s  o.-rnrs  un.lor 

,.,.,.,;,„  „;„  .voll  dWin,.i  .M.ndilion..  i.   i.  a,lvisal,l.-  lo  .l,..r,an,n..  aainuaua  on 

.;„„  ,.,,    „|i,,,„„  „|-  ,1,0  on;,i,u,l  cinul  ,lonotod  as  (A,,  l,ol(n-o  n.aoval  ot 

IJ.  wator-solMblo  protoins,     Tho  dotor.nination   is  bost  oarriod  out   >n  ,l;o 

l.!,.,tn.  =.nd  .,v  tbo  M.othod  dosoribod  by  Van  S,,vkk  (40).     It  is  only  ta>r 

i  stal'o  hor'o,  sinoo  it  is  not  ..onorally  kno«n,  that  tbo  metho.l  for  ammon.a 

\  i.,.s.on,iallv  ,l,at  dos.ribod  l>y  Loxoi  (20),  who  distillo.l  at  a  ton„.oratnro 

;„■  :is40°  ('.  with   M-( Ho  notod  that  noitluT  nroa  nor  a-sparajiiuo 

,,,,,,,  aooon:posod  nudor  tboso  oonditi.n.s.     Tbo  w.-itor  p.-olVrs  sol.d  CaO 
(26)  to  Msr<>  lor  tho  roason  dosorilx'd  lator. 

Un     FK.-.I-.  MON-..-  AND  D.-AMINO  N.-Tho  roM.oval  of  the  "free"  am- 
monia n.ust  bo  tirst  oarriod  out  as  dosoribod  undor  Un  fro,n  a  r,Oi,  cc.  ahgnot 
of  ,h,  fUtraW  proviously  frood  from  solublo  protoins  in  tho  mannor  alroady 
deserihoil  (35)      This  filtrato  freed  from  protoins  is  denoted  as  (15.)     Lau 
is  now  bettor  substituted  for  M-O.     It  is  advanta^'oons  to  use  only  a  very 
slight  exo<.ss  of  .olUJ  CaO,  tho  oxaot  an.ount  boin;:  doternnnod  by  a  pr.^lnui- 
n^rv  titration   (26).     With  this  proeantion  littl..  or  no  frotlnnfj  oeonrs  >n 
the'vAN  Si,vKK  apparatus  durin-  the  determination   of  amino  .\.     Hm, 
(•„()  is  roeommonded  in  prof,.roneo  to  MfrO  booauso  in  tho  expeneuoo  of  tbo 
writer  tho  former  oo.dudos  or  absorbs  more  of  the  pifrmonts  to  which  most 
of  tho  frothinsr  ean  be  attributed.     Xo  suoeoss  was  obtained  w,th  seoondary 
ootvl  (oaprvlio)   aleoln.l    (even  twioe  redistilled,   H.  V.  V.W     (  .)   wlneb  has 
I,,.,.,  r,.oo.i,mondod  for  tlu'  purpose  of  roduei.,-  tlu.  surfaoo  tension  an.l, 
,.nnse.nu.n,lv,  the  frothin,^  (41).     Tho  blanks  fron,  this  reajzon  ,  duo  pre- 
sumablv  to'tlio  evolution  of  soM,e  -ras  that   is  not  abs,n-hed  by  the  alkahno 
|.onnan;ranale   mixture,   w.'ro  foun.l   t.,<.  hi-h   to  .pislity   its  use  ,n  the  <le- 
,,,,,„i„a,i„n  of  the  relatively  small  amount  of  amino  X  looasurod  in  these 

experiments.  .,,     , 

A  small  an,l  s<,mowhat  variable  (piantity  of  mlmi<nou.  m„il,r  will  al- 
wavs  bo  ,,nni,ilaluL  oo,-lud,.d  or  absorbo.l  by  llu'  CaO.    This  is  ••mHaii.n 
N  and  is  romovo.1  bv  filtrati.m  and  washo.l  with  li(,t   water;  tho  iiltrato. 
whiol,  is  ,lonolod  as  '(('),  is  aoidiliod  with  aeoti,-  aoi.l  an,l  afterwards  o,m- 
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centratcd  iiiuler  a  i)ressure  oi'  15  mm.  to  about  15  fc.  us'uvj:  a  Claissex 
fiask  (40).  In  this  eonceiitratea  solution  a  lurthcr  precipitate  eontaiii- 
inf?  Si,  Al,  Ca,  Xa  and  K  salts  usually  separates  out.  Tliis  preciiiitate 
is  removed  l)y  filtration  and  the  filtrate,  whieli  is  denoted  as  (D),  made 
up  to  a  detinite  volume  piior  to  its  int I'oduetion  into  the  \\\n  Si,ykk  iniciD- 

np  pa  rat  us   (40,  41 1. 

IMic  writer  h;is  c.Mifi  niird  Si-oi.iii^  jiiid  .M((  J  i;i;'s  (.l)s('r\  jirioiis  (32!  willi 
i-i.spcc1  to  llie  allciivd  itil  ci-l^'rcncr  of  en  rholix  «1  r;i1cs  in  the  nilrous  iici^l 
iiu'lhod  (riled  !)\-  Si'(»i;iiK'  mid  Mcdi;!;,  hx.  (if.  \k  ."U.  inoliu.te).  11h>  dc- 
tci-iniii;ili(>!i  ol'  llic  ;iiirnin  N  in  Mspnrlic  ;i<-id  \v;is  n-.il  iiltered  !)y  llie  piv>- 
cnce  oi'  ulncosc  or    fructose. 

(c)  Free  and  combinkd  amide  X. — A  detinite  volume  of  concentrated 
IKM  sufficient  to  «>ive  a  20  ])er  cent,  solution  is  now  added  to  the  remaindiT 
of  the  original  filtrate  (B)  containing  the  non-protein  nitrogenous  constit- 
uents, i.e.,  to  the  extract  remaining  after  the  removal  of  the  aliquots  for 
the  determination  of  free  and  combined  amino  X  as  under  (h)  above.  The 
mixture  is  then  hydrolyzed  for  twelve  hours  with  the  usual  precautions; 
alter  the  removal  of  the  IKM  in  vacuo  (40)  the  residue  is  taken  up  in  water 
and  distilled  in  vacuo  with  a  slight  exces^s  of  solid  CaO.  A  titration  of  tlie 
distillate  gives  both  the  "free"  ammonia  X  and  the  "free  and  combined' 
amide  X.  The  difference  between  the  titration  values  for  ammonia  obtained 
as  described  under  ((/)  and  (r)  gives  the  "free  and  combined"  amide  X. 
The  solution  still  remaining  in  the  flask  is  denoted  as  (  H). 

{(l)  CoMBiNKD  MONO-  AND  Di-AMiNO  X. — The  solutiou  {  Vj  )  left  iu  the 
flask  from  the  determination  of  the  free  and  combined  amide  X  [c]  is  fil- 
tered from  the  ('aO  "melanin"  idtrogenous  material,  washed,  and  the  com- 
bined filti'ates  and  washings  (F)  acidified  with  acetic  acid  and  concentrated 
in  vacuo  to  a  volume  of  about  15  cc.  A  determination  of  tlie  amino  X  in 
this  gives  the  "  fi'ee"  and  also  the  ''combined"  amino  X.  The  latter,  which 
is  indicative  of  the  complexity  of  the  peptide  linkings,  is  determined  hy 
the  difference  in  the  values  obtained  in  this  detei-miiiat  ion  and  that  given 
under   (?;). 

Experimental  results 

The  I'esults  of  the  analyses  by  the  foregoing  methods  are  given  in  the 
following  ta])les.  Table  I  gives  the  ])ercent;iges  of  imbibitional  and  total 
water  in  branches  of  different  ages,  and  in  the  short  s[)urs  and  leaves. 
Table  II  shows  the  watei--solu])le  iritrogenous  constituents  of  the  leaves. 
bran(du's  of  diffei'cnt  ages,  and  short  sj)Ui's.  The  jjai'tition  of  the  non- 
l)i'()tein  fi'action  is  shown  for  various  collecting  dates  in  percentages  of  the 
u^reen  weight  and  drv  weiirht. 
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TABLE  I 

THE    PKRCENTAOKS    OF    IMBIIUTION-AL    AND    TOTAL    WATER 
One  Yl'AK    15RAN(  H    (iKOWTn 


Pfktes 

rol.!-E<  TIXC.  DATE 

NO. 



1 

,]xuw  IS,  vxi:\ 

7;i 

July  ir.,  \\yi:\ 

15 

August    17,   VX1V> 

0  7 

_   1 

SeptemlxT    17,    l!»-3 

,^4 

46 

November    20,    1923 

56 

April    12,    1924 

64 

,    April    21,    1924 

80 

April    28,    1924 

98 

May    13,    1924 

118 

May   22,    1924 

143 

June    11,    1924 

AVE  Kill' 


gni. 


.).) 


,0 


102.0 
41.8 
129.0 
104.0 
125.0 
120.0 
80.0 
69.0 
90.0 
57.0 
56.0 


Dkv         : 

i.Ml 

MMTiev 

AVEKIIIT 

WATER 

<rill. 

'lc^:.\ 

i'tM-  •■(■111 

."»n.7 

.10.;^ 

20..") 

51.0 

60.0 

53.5 

ToT\T, 

WATKlt 


52.5 

66.2 

62.0 

40.0 

34.3 

40.0 

23.0 

23.8 


Two-year  hran<  h  growth 


Series 

NO. 

03 
7 

19 
31 
38 
47 
67 
66 
97 
119 
147 


COLLECTIXO  DATE 


Juno    18,    1923 
July    16,    1923 
August  17,  1923 
September    17,    1923 
October   15,  1923 
November  20,  1923 
April   12,  1924 
April    21,    1924 
Ai)ril    28.    I!r24 
May   22,    1924 
June  11,   1924 


Fresh 

AVEKJHT 


gm. 
75.0 

150.0 

69.5 

167.0 

155.0 

161.0 

65.0 

82.0 

125.0 

132.0 

140.0 


Dry 

WEIGHT 


gm. 
35.4 

75.0 

33.8 

87.0 

85.0 

87.0 

35.1 

45.0 

()7.n 

65.0 

70.0 


50.0 

47.0 

48.3 

50.0 

50.7 

55.6 

59.6 

57.5 


Imbibitional 

AVATER 

Per  cent. 
52.8 

50.0 

52.0 

47.9 

45.2 

44.7 

46.0 

45.1 

4().4 

50.8 

1  50.0 


per  cctit. 
57.6 

55.3 

56.5 

56.7 

4.7 


i) 

5 1.8 

54.0 

54.0 

54.0 

57.9 

61.0 

58.0 


Total 

■WATIR 

Per  cent. 
54.2 

54.0 

54.5 

53.7 

50.7 

49.8 

48.0 

51.1 

52.4 

54.8 

53.8 


120 


PLANT   I'HYSI0L0(5Y 


Older  growth 


Series 
xo. 

(\>I>LK(TI.\(;  DATE 

Frew  II 

\vi:i(iii'i' 
— 

Dry 

W  EKMI  r 

^nii. 

4 

June   IS,    1!»23 

210.0 

110.4 

Sa 

July    10,    1923 

230.0 

lis.  4 

14a 

Au^nist     !7,    \\r2:\ 

l'.tl>.  1 

I'M.i' 

32 

September    17,    1923 

174.0 

9S.0 

39 

October    11,    1923 

632.0 

297.0 

49 

November  20,  1923 

455.0 

244.0 

58 

April  12.  1924 

367.0 

202.2 

66 

April  21,  1924 

165.0 

89.0 

82 

April  28,  1924 

239.0 

133.0 

99 

May    13,    1924 

196.0 

100.0 

121 

May  22,    1924 

183.0 

96.0 

148    1 
148a  \ 

June   11,   1924 

(  419.0 
\  127.0 

\  236.0 
1    58.0 

MinnrrioNAi 

WATI'.K 

i'ci-  c.Mlt. 
4  7.4 
4S.} 

lit.:; 

4S.() 

4  7.0 

47.0 

44.9 

46.1 

44.3 

4.S.9 

47.5 

^43.7 
\  54.3 


Short  spurs 


Series 

NO. 

Collecting  date 

5 

June  18,  1923 

7 

July   16,   1923 

17 

August   17,   1923 

29 

September  17,  1923 

37 

October    15,    1923 

48 

November    20,    1923 

63 

April    12,    1924 

69 

April    21,    1924 

83 

April    2S,    1!»24 

96 

May    13,    l!>24 

122 

May    22,    1924 

149  1 

150  ] 

June    11,    1!>24 

TO'I'AL 

u  \Ti  k 

I'd-  ciMlt. 

12, ;{ 

12.3 
ll.(i 
10.2 
10.1 
10.2 
50.fi 
49.5 
51.7 
53.2 
53.1 


52.4 


Fresh 

Dry 

Tmbihitioxal 

Total 

weight 

weight 

WATER 

WATKR 

gm. 
31.0 

gm. 
15.1 

Per  cent. 
51.3 

Per  cent. 
57.0 

35.0 

1(5.8 

52.0 

55.3 

2<).5 

11.4 

47.0 

r):].o 

37.0 

20.2 

47.5 

51.2 

121.0 

65.2 

46.3 

51.3 

72.0 

31.5 

44.0 

4S.8 

58.0 

30.0 

4S.3 

14.0 

54.0 

26.1 

51.9 

17.1 

3S.0 

l!t.(t 

50.0 

IS.  7 

11.0 

s.o 

46.7 

50.8 

22.0 

9.0 

49.1 

lost 

\  2\5 

\  1.9 
|2.7 

\  24.0 
/  50. !i 

46.0 
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Leaves 


Series 

NO. 


Collecting  date 


^^    ^  June  18,  1023 
001    \ 

6  1  !,,„|v    10,    192:; 

Oa,  ( 

1^    )  \uLrnst     17.    192:; 
2(1    \ 

■-'^    ^  s.'ptcinb.M-  17,   i'.'2:; 

•^''     I  (),-tol)er    11.    1923 

3ti    \ 

50  Noveml)er    20,    1!»23 

100  May  13,  1924 

11'*=^^  Mav    22,    li»24 
123    \ 

U4  June  U,   1924 

>J05  I  August    17,    1924 


Fresh 

AVEIGHT 


Dry 

WEIGHT 


IMRIHITIONAL  TOTAL 


WATER 


SO 

pe 
th 


AC('T:HA('Y    AND    LIMITS    OF    KHHOK 

Tlie  (MTcrs  or  samplin-  could  not  1)0  a.terniinea  ou  account  of  the 
nm.sitY  for  cnnscrvin,-  tlu-  material.  l)ut  the  (lotorniinat H>n  ot  tho  ac- 
,,,,,,-,,,,  ,i,,its  of  error  of  the  analytical  <lata  ha.  boon  made  by  ox- 
pressino-,  as  a  pcrccntaoc  of  the  mean,  the  differences  ol)ta.ned  m  ceitam 
duplicate  anaUses.     These  are  <iivon  in  ta])le   111. 

The  total  N  shows  a  maximum  difference  of  0.:)S  por  cent.,  the  watcr- 
hihlc  \  ..f  l.r.O  per  cent.,  and  the  "free"  m(m..-  an.l  di-ammo  N  ot  o-) 
,,  ,ent  The  exi)erimental  error  in  the  "free"  amino  X  is  h.oher  than 
,t  of  the  total  nitroovH  and  total  water-soluble  X,  because  of  the  smaller 

amount  of  nitroi^en  detei'mined.  .i      .   ,   i 

Since  the  amide  X  is  determined  from  the  difference  between  the  total 
XII,  before  and  after  hydrolysis,  this  determination  will  ^'arry  the  errors 
of  the  auunonia  determinat i(m  also.  It  shows  a  maximum  difference  ot 
7.1.)  per  cent.  Fnon  the  foreooino^  it  is  clear  that  all  iluctuations  .n  the 
uitrotren   fractions  can  be  reiiarded  as  si;4nificant. 

Discussion  and  conclusions 

(a)      Total  nitkookn 
In  general,  the  total   nitrogen  of  the  leaves   (  fiir.   D    t'oHows  the  course 
found  for  this  species  bv  otlu-r  investioators   (2,  17)  :  thes.  chan<.es  will, 
therefore,  not  be  elaborated  upon  here,  except  to  |M.int  out  that  the  chan-e 
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TABLE  III 

l)IFFEKEX(^KS    OBTAIXKD    IX    CKK'I'AIN    DrPLlCATK    DKTKi;  M IXATIOXS    AS    PEI;c'KXTA(;E 

OK    THE    MEAX 


Sf:RIES    NO. 
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ill  direction  observed  in  September  lias  oceurred  at  ai)i)r()ximately  the 
sa,iiiL'  pt'iiud  ('\VL\  \cdv  iiU'  (.'xpciiniiMilN  wcrr  in  j)iui;ifS.>>.  Ii  !.•>  piobuljiv 
due  to  the  diminished  reciuirement  of  the  ])raiU'li  «i-r()wt]is  for  tlie  nitrogen 
synthesized  by  the  leaves. 

ThK      KVA(M'AT1()X      of     NrnUKiKN      FliOM      TllK      I.EAVKS      IX      THK      FALL.— 

Tliis  so-called  "Ruckwanderun«»"  or  autumnal  evacuation  of  ]iitro<ren 
from  the  leaves  to  the  branches  in  the  fall  has  been  asserted  and  as  vigor- 
ously denied  (8).  ]\Iuch  of  the  difficulty  in  interpretation,  however,  can 
be  attributed  to  the  fact  that  in  many  instances  attempts  have  been  made 
to  draw  conclusions  from  analvsis  ol"  the  leaves  onlv,  omittini»'  analvsis 
of  llie  ])erennial  {)arts.  Both  (-()M[?ks  (4,  5)  and  Hiffkl  (27)  have  recently 
rei)orted  an  extensive  study  of  this  phenomenon  in  younti'  oak  and  beech 
ti'ces.  Accordin^r  to  the  former,  the  mig^i'ation  of  nitroiicnous  substances 
connuences  as  soon  as  the  leaves  turn  vellow,  slowlv  at  first  and  then  more 
I'apidly.  This  is  iiot  in  as>'reement  with  the  results  of  KiPPKr.  {loc.  cit.^ 
noi'  of  the  writer;  these  latter  cleai'ly  indicate  that  the  evacuation  of  nitro- 
^■en  in  tlie  leaves  is  not  initiated  suddenlv  at  the  onset  of  vellowini»:  but 
much  eai'lier.  If  the  deci'ease  connnenced  just  as  soon  as  yellowing  oc- 
cui'red  it  mig^ht  be  argued  that,  since  the  nitrogen  pi-escnt  in  the  leaves 
de])ends  upon  the  diffei'cnco  between  the  amount  of  pi-otein  synthesized 
and  that  utilized  in  gjrowth  and  resj)ii'ation,  and  that,  inasmuch  as  pro- 
tein synthesis  decreases  in  the  autumn  owing:  to  the  degeneration  of  the 
chloi-oplasts,  this  affords  an  explanation  of  the  mig-ration  ])r()vi(le(l  re- 
moval g'oes  on  at  the  noi'inal  I'ate.  now(>ver,  since  theiv  is  sufficient  evi- 
<lence  {lor.  cil.)  to  indicate  that  the  deci'ease  in  nitrogen  may  occur  be- 
for(>  degreneration  of  the  (diloro}>lasts  occurs,  this  mign-ation  cannot  be  due 
to  the  same  causes  as  that  which  occurs  normally  during  the  life  of  the 
tree,   but    must    be  distinct    from    the   normal    process.      Admittedly,   it   is 


,p,,Q^j^j^ NPriKKJENOrS  METABOLISM 


127 


1923 


4/ 


1924 


IZ  21  Z8   l3    22    ,  M 


Fk;.  L     T(.t:il 
and  older    lir;Micli 
1924. 


JUN5       Ju'lY       AU6.      5EPT      OCT       NOV  APR       MAY  JuNE 

nitn.urn    ..f   tl.c    Ir.v.s,   sl.nrt    nnu  l..';.,in«   spurs,   mh.  vrar,   tw.voar 

growth    ns    ,K.r..,.nt.«.s    nf    th.    U.^h    w.,.ht.      dun...     V^■2■^.    to    d  uno. 


n 


difficult  to  ,n„l.rstan,l.     S.mkkt/.  (29  i  1ms  shown  thai  a  .liafl  on  the  nitvo 
wn  of  tlu-  h'al  hv  tho  voun-.T  tissues  Ira.ls  to  a  ,l,.,-ouip"sit  ion  ol  nitroi;.' 
n,m,,ouu,ls  of  tho  loaf  iuHu.linu'    pn.lcins,     |,hos,,ho-li|Hn<.s    an,l    Hiloro- 
phvll.  the  ,h.<-,uMposili,u,  of  tho  latlor  pro.luoiu.^'  inolUnm'.     A\  ith  Hio   loss 
of'ohlon.i.hvll    ac-.-..uipauvin.4-    aulun.nal    ,-ol,nation.    tho    y.How    ,.i-nH.uts 
inonaso  at   its  .xponso  duo  to  tho  ,M)M,hinatiou  of  tlio   phytol  that   is  spli 
off  from   tho   chlorophvll   «ilh   suf^ars   to    fonu     .-ai-olin     au.l     xantliopliM 
(oitoa  hv  Srn,;,rr/.,  /..'.  .H.  p.  1-24..     TIhto  .an  bo  no  .louht.  howovor,  that 
whatovor  tho  oausr.  tho  piosoni   invosli-alicu.s  .-onlinn  tho  onisIcuoo  ol   this 
miuralion   phrnoiuonou.     Tho  oon,-un-ont    in.iraso   in  uitn.-rn   .lunn-  tins 


period   in   the  shoii    spurs,   one  ycai-,   two   ,\oar 


and   ohlor  bianoli   ijrowtli, 
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wliieh  results  from  the  evacuation  from  tlie  leaves  can  readily  be  seen 
from  au  inspection  of  the  anjilyses  and  iiii'.  1.  The  actual  increase  is 
l)robably  «>reater  than  that  shown  il'  one  allows  for  the  relative  increase 
ol'  wood  to  bark.  When  the  phenomenon  ol*  autumnal  mi<>ration  ot*  nitio- 
o-en  is  considered  in  relation  t()  the  "I'eat  demand  of  the  shoots  in  tlio 
sprin<»-,  as  discussed  a])()ve,  this  whole  |)rocess  may  be  looked  upon  as  an 
expression  of  iiature's  method  of  eoii^efx  afioii   in  tlu'  use  of  nitrou'eii. 

'riii;  i-i;i.'i()i)  Ol'  \  i;(.i;i  \'n\  i:  (.K'owrn.  Manx  iti\  (■^t  iu;ito!'N  i9)  have 
olisei'Ncd  that  a  laruc  decrense  nf  nitfoueii  occurs  in  tlie  older  parts  dui'lni; 
the  initiation  of  \("_:'eta1  i\  »■  urowth.  Kiu.  I  shows  that  diii'inu'  \\\v  i.ei'idd 
JMlween  the  he'^inniinj  of  \cuet,iti\e  !i!'o\\lh  and  the  hhtssoniiiiLi  of  the  tree 
the  loss  of  iiiti-o<i('n  from  the  branches  is  very  lar<>('.  The  development  of 
the  buds  and  the  foi'mation  of  tlu^  new  leaves  are  dependent  upon  the 
" i'eser\e "  '>rote!!is  a,''''umuhit''d  i]i  tiio  lii-^niehes:  a  i»i'(^nt  (^xpcMiditiu'o  of 
niti'o.uen  compounds  is  thus  recpiired  for  «»i'owth  of  these  i)arts.  In  some  of 
the  older  tissues  over  half  of  the  availa])le  stored  nitro<»en  supi)ly  is  oiveii 
up  to  the  younji'  shoots,  leavinj^'  a  deficiency  of  nitro«i'en  in  these  oi'<>-ans  until 
this  is  sup])lied  by  the  activity  of  the  roots  later  m  the  si)rin<i-. 

A  considei'ation  of  com])()site  curv(>s  discussed  elsewhen^  (37).  showiiifr 
the  sum  of  the  })ercentaii'es  of  nitro<?en  in  the  leaves  and  in  the  one  to  seven 
vear  old  ])ranch  o-i-owths,  indicates  that  after  acfirc  i>rowth  has  ceased 
(third  week  in  June)  a  condition  of  nitro<j:en  ecpiilibrium  exists  in  the  per- 
ennial parts  until  fall  mi<»rati()n  of  nitroiien  from  the  leaves  commences. 

Chanciks  Di'RiNd  THE  DORMANT  PKKioD.  The  so-callcd  dormant  ])eriod  is 
obviously  accompanied  by  certain  im^tabolic  chanjics.  for  dui'inii'  this  ])e]'io(l 
with  a  mean  daily  temperature  of  :V-]S)°  F.  (the  mean  nmximum  l)ein^:  85.5' 
F.  and  the  mean  ndidmum  20.2'  F.)  the  total  nitro^^'U  in  the  short  noii- 
beai'in<z'  spui's.  one-year  and  two-year  wood,  deci'cased  11.  15  and  2(1  ])(i' 
cent.,  respectively. 

Durinfr  the  commencement  of  the  j)eriod  of  saj)  flow  the  nitrotren  m- 
creased  nearly  10  ])er  cent,  in  the  one-year  wood  and  IS  per  cent,  in  the 
two-year  wood,  ;ind  then  durin<_f  the  I'apid  devcdopnuMit  ol'  the  slioot 
the  nitroiicn  decreases  i'apidl\-  in  all  i)ai'ts  due  to  the  withdi'awal  et 
nitrofren  stored  in  the  phlo(Mn,  as  already  stated.  ('omj)ai"ed  with  the  quan- 
tities found  when  the  tree  entered  the  i-est  ])eriod,  this  amounts  to  a  de- 
crease of  :J2  ])er  cent.,  2!)  })er  cent.,  21  ])er  cent,  and  22  per  cent.,  respec- 
tively, in  the  short  spurs,  one->'ear  branch  jxrowth,  two-year  i)ranch  <rrowtli, 
and  older  ♦rrowth. 

The  form  in  which  this  decrease  takes  j)lace  cannot  be  measured  by  the 
chanjres  in  the  water-soluble  fractions  taken  at  two  periods  only,  because 
these  are  too  small  to  account  for  the  decrease  involved.  Appai'cntly,  there 
must  be  a  continual  de^n-adation  of  the  insoluble  cytoplasmic  proteins  and 
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a  transference  to  the  older  perennial  parts  throuo-hout  the  whole  dormant 
period. 

(}))    Partition  of  NriRooLN  in  the  leaves 
In  the  leaves,  tlie  iluetnnti.ins  (see  fi-ures  2  and  :!)  ..l!  the  ^vatel■-sol.,ble, 
,he  non-prc,tein,  an.l  als„  „f  tin.  free  a,ul  e.,n,hine<l  a.nino-.nfo,-,-,,  lraet,o„s 
n   inverselv  In  tlu-ir  eours-  i„  llie  l^ran,-!,  jrn.uth  thrnu;.-liout  the  AvI.ole 

;;  ;,„      Tl,..  ann.l.   N   .1-  -n,    : .„■  U,   toMnw   U.k  or  any   oil,,.,-  dWirnl,. 

;;i„i„,„|„p.     Tl,i>n,vre.,.  n.lanonsl,,,,  ,n.h..  leav..an,M,ean.h,.  l,..,w,...n 

I, ,,„,,.„,..nlion,..li..lllVH-ulMo,nlnT-l   l--auM..  .1 u.h  M   ,.  p-'i''" 

,„,;,„vs.  11,..  ,lala  rnu„  ih.  hav,>n„  l„.tl,  an  al.^nhMr  a„.l  a  i.Tennlauv 
,,„is  tin.  results  „„  thr  hranel,  ,M-.,wlh  ..annm  I-  s.,  .lal.,!  unlr.s  tl,.  ..nlirr 
ti.,e'is  taken  for  analysis  an.l  tliis  is  iM,praetieal.le  in  ..xpenna.nts  „l  tins 
tvno     Fi-    :!  shows  that  the  total  water-M.luble,  Ihe  free   (mono-  and  .U- 

no)    and  also  the  free  and  comomeo  an.iile  i.i.i-^v-  ^ ■ 

•o^en  of  the  leaves  throu^^hout  the  cycle;  the  -rest"   X  usually  vanes 


ammoj, 
nitro«rer 
inversely  to  them 


'st"   N 


Althou<di   the   andde   N    (free   and   cnnbined)    and   also   the   "  re^ 
decrease  in  the  fall  durin,^  the  period  of  migration  of  nit ro<xen  from  the 
leaves  to  the  branches,  the  other  fractions,  c.<j.,  the  total  water-soluble,  the 
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F,G.  2.     T.,t..,l  ,v.tn-s.,h,l,l.  X,  «:,t,..-s,.lul.l,.   ,....l..i„    N,  ..M   "rest"   N   of  the  IcMves 

:is  iR.r<a.|lt:i(;c.s  i.f   tlie  fii'sli   wcit'lit. 
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non-protein,  and  the  free  (mono-  and  di-)  auiino-nitroo-en  decrease  rapidly. 
The  significance  of  this,  to  whicli  reference  Avill  he  made  again,  indicates 
that  the  "rest"  N  may  have  a  ck)sc  relation  to  ])rotein  degradation  in  the 
leaves  (3).  It  is  possible  that  nitrogen  is  translocated  in  the  form  of  these 
''rest"  X  compounds.  The  Avatcr-s()lul)le  nitrogen  is  low  throughout  the 
cycle  and  varies  inversely  to  the  ''rest"  X.  The  significance  of  this  is 
apparent. 


15 
MAY- 


Fig. 


Tlie   noil  |)r()tt'iii    N,    fr(H'   .•iiid    ('(tinhiiu'il    ;iiniii(»    X.    free   ;nuiii<)   X    ;iii<l    amide  A 
of  the  loaves  as  |teceeiita<ies  of  tlie  fiesli  weight. 


(c)    PAirrrnox  of  M'I"K(i<;i:.\  ix  tiii;  hk'axch  CKOwrii 

The  decrease  in  total  nitrogen  in  the  one-  ;;nd  t\vo-\-ear  branch  gro\vth 
dui'ing  the  period  of  mobiliznt  ion  of  reserx'e  proteins  ( l)nd  swelling)  i^ 
accompanied  by  a  r;!|)id  rise  in  the  total  water-soluble  no]i-j)rotein  nitrogen, 
in  the  free  amino,  ;ind  also  in  the  "  i-est  "  nitron-en   fi'actioiis.   the  amido  ^' 
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,,,,e.sino'  durimv  this  period   (fig.    1).      Possibly  th.  increase  in  the  ammo 

V  Vthi^time   mav    indicate   that    translocation    in    the   flowing   sap   takes 

I'     during    this  'period    as    amino-acids.       That    the    transportation    ol 

:  ,eserve  material   to  the  tissues  <luring  the  germinati.m   of  wheat   see<l- 

•  ,.s  takos  place  in  large  nuMsure  as   free  amin.-acids  has  ])een  sh..wu  by 

VTTiiU)NF  -nul  Kknnkdv  (25)  and  is  thus  annlog.ms  to  the  manner  m  wb.ei 


b!(..i(l   s1i-e;nn    ;ire   ti';in^|)"i 


)iW\  ('(1     to    1  IH 


Issues  (»l    ;inini;ils. 


"    \   ;iK.,   imimUcK   111''  ;iiimi(>   N    in    iiui'j'n 


tlie  V 
li 

rKTTli 

lli,>  prolciii^^  "i    1  li' 

Ilov.rver,   Uir-    f.H-I    rti;,l    llir  -'r-r-    -\    •■M.n   ,., 

,,leaml<l.nvlinnal    Ihl.  period    ,nd,...l.^   ih.   nuin.na.u..  nt    1  h.    role   1  h;,t 

■  ,■        t;    ..      ...Mv    'lUo    i)!av        r.nih    riiii;\A!.i.   and    Puiamm  ii- 

thfse  unknown    irai-lions   ni.i\    ai-o   \n,\\  .in  ^  .  ,  .    , 

^,,,„v    -ec    la  r     43.    p.    i.iKn    :,flinn    thai    .-p.ra^m-    -    Hi.'    i^-ni    m    ^\  :-<m 
,it,ogen   is   translocated    fron.    nn.    pari    m    ih.    planl    lo    annllnT.    but.    a. 

1 
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jLAti?   0ULYI6    AuolZ    :)EFTl5  O.ll'J     Movl6 

Fig.   4.      Total    water  solul.le    X.    iiou  priitcin    X,    ammo 

,,t;i.r('s    of    the    fiesli    \vei<,Hit. 


X.    aiMide 


X,    aii( 


1    "rest  "    N    I'f 


tiu'  vc.ar    hraiu-h    ^nowtli    as    ihtccii 
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pointed  out  by  Vickeky  (43),  the  presence  of  a  number  of  other  amino- 
acids  found  by  him  in  ai)preeial)h»  amounts  in  alfalfa  sa])  may  indicate  that 
the  translocating  processes  are  not  so  simple  as  that  indicated  by  Ciiibnall 
and  Prianischnikow.  It  is  expected  that  some  additional  light  Mill  be 
thrown  on  this  subject  later  in  the  present  series  of  investigation  on  Pjinis 
niaJus. 

The  sliarp  (Iccrcasc  in  l(it;i!  nitroii'cii  ocMMii-rinii'  in  tlic  one-  and  iwo  vr;ir 
hi-ai!('h  gi'owtli  and  non-bearing  spni'->.  helween  the  lieiiinninLJ'  of  \  e<_it'iali\v 
ti'i'owlh  and  the  [lerioti  of  bhisMMuini:'.  is  aeeonipanied  by  a  ra!>id  decrease 
in  the  totnl  \\;i1ei'-solnhh'.  ikmi  pi'olci?i.  and  free  amino  nilroiicn.  hut  a 
gradual  increase  in  the  anii(h'  X.  This  serins  Id  indieale  lh;il  the  iiialci'ial 
for  the  develo])iiient  of  flowei-s  was  being  drawn  raj)idly  from  the  "reserve'' 
proteins  in  the  form  of  amides. 

DiiT'i'no'    flip    7"><^>*'nrl    O^'    M^^^fi^-o    oM'^^i-t  1>      +l>o    n-'i  +  o^*  wninl>i<i    n^ui    iii'^^fom    v-iitiif. 

gen,  including  the  amino  X.  again  increases.  The  fact  that  the  amide  X 
simultaneously  decreases  nuiv  indicate  its  connection  with  the  utilization 
of  amide  X  in  protein  synthesis.  At  times  throughout  the  cycle  the  amide 
and  amino  X  show  inverse  rclaticmships.  Since  there  is  evidence  (34)  to 
indicate  that  in  the  germination  of  seeds  amide  X  is  formed  fi'om  amino  X, 
some  such  relationship  may  hold  througliout  in  these  experiments  but  may 
be  masked  at  times  by  the  difficulties  involved,  in  di'awing  sharj)  distinction 
between  the  groups.  When  active  growtli  is  over  both  tlu'  total  water- 
soluble  nitrogen  and  the  non-protein  nitrogen,  iiudiiding  the  amino  and 
amide  X,  decline  rapidly  uidil  the  fall  evacuation  from  the  leaves  com- 
mences. During  this  process  of  migration  of  introgen  both  the  water- 
soluble  and  non-protein  nitrogen  iiu-rease  u\\  to  tiie  last  sam|)ling  (Novem- 
ber 20).  The  course  of  the  fluctuation  of  the  nond)earii)t:'  sj)urs  follows 
that  of  the  one-  and  two-year  branch  growth. 

During  the  so-called  "dormant"  period  the  amide  N  has  increased  but 
the  amino  X  has  decreased.  A  small  amount  (OA'l  gm. )  of  a  substance 
corresponding  to  the  j)ro}K'rties  of  asparagine  was  isolated  from  the  11)2:5 
dormaid  branch  growth  by  a  method  to  be  gixcn  in  a  later  })aj)ei". 

Since  asi)ara!.>,iue  contains  both  the  --('OXll..  and  -XII.,  grou])s.  tlio 
latter  in  the  a-position.  it  is  clear  that  other  amiiu>-acids  are  (as  would  be 
exi)ected)  pi'fNcnt  :  othei'wise  the  annde  and  anniu)  X  would  always  paralld 
one  another  throughout  the  cycle.  In  a  later  inx'cst  igat  ion  an  attem])t  will 
be  mad(^  to  identify  \\\o  amines  and  amides  j)resent. 

Summary 

The  rpumtitative  changes  of  the  |)rincipal  jdtrogen  fractions  in  the  non- 
bearing  s])urs  and  in  the  one-  and  two-year  branch  growths  and  leaves  may 
be  sununarized  : 
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T    Period  of  bid  swellkng 

■    (a)  Branches    and    uon-hcanntf    .s/.Kr.s. -Total    nitrogen,    total    water- 
soluble  nitrogen,  non-protein  nitrogen,  an.ino  X   and  "rest"   X   increase; 
amide  X  decreases. 
II    Period  of  commenc  ement  of  vE(a;TATivE  (ikowtii 

"(,)    lirauclns    ,nul    nnn-hmrnuj    spurs.      Total     nilro-en,    total    water- 
.ohihl."  ni1ro-en.   mm  proh'in   nitro-mi   ;ind   ;imino  X   deereas 


1  oiai     nn  ro'jen,     mi  <ii     w  <in  i  - 

.•iinino   X   tleerease  ;  amide   X    in 


ereast's. 

Ill     Pr.imtn  ov  \(  ttve  (aa-wrii 

(,)    nnnulns     .nul     nn^Jnurnnj    spurs.      Tmal     iiilromm.     imal     uahT- 
soliible  nitrogen,  and  amino  X  inerease;  ami.ie  X  deeivases. 

IV   .•...■* 'i-i, IN-   ,\h'    M'rivi"  <;K()\V'ri 

iv.    1  bitmi'  v»i    *i,.>.  .i.<' 


V.   Tehiod  of  ciii.ondi'iivi.i.  i>i;cn;Ni:i!-\TU).\ 
(a)    Hi-iiiicIks    'ind    iioii-haiiiiid    simis 


'I'dtal    iiili-D-'cii.    liital    wiitor- 


solubl.  nitv,.^',..,.'  ,Hin-|.nmiM  iiiln.p'n  and  iimi.lo  X  iiuTcas,. ;  amino  X  de- 

"'"(?)'  /.,,„•....-    Total   nitnincM.   total   xval,-r-.ol„l.le   ,utrof.v>.,   „on-pn.t..in 
nitro.r,.),  and  amino  X  d.Tivas.';  ami.U'  X  and  •'rcsl"  X  mciva-M'. 

Fnau  thrso  variations  crrtain  spc.ili.   tacts  showing-  so.n,'  ot  tlio  more 
definite  iTlali(mslii|)s  liav<.  been  discns^cd.     Tlieseare: 

1  The  total  nilro.-'en  and  the  various  partition  traelions  ol  the  heaves 
varv  with  -rowth.  ,leenMsin-  wh.'n  -roxvlh  is  wry  rapid.  The  total  water- 
selulile  nitrogen,  the  non-protein  nitrogen  an,l  th,'  anon,.  X  parallel  the 
total  nitrotren  throujrhont  the  eyele  :  the  an.id,.  X  and  the  ■'rest  X  trn.l 
to  varv  inverselv  as  these  fraetions.  Sine,,  the  total  nllrouen  paraUels  the 
insolnl.le  nitn.iren  and  sine,,  the  lalt,.-  eonsists  ehi,.|ly  of  the  insolnhl,. 
ovtoplasmie  protein  (33),  this  may  !„■  r, r^n-,1,.,1  a.s  snpportin-^-  (  nmsAU.. 
cont,mti,m  (3)  that  amin,>  X  is  eonn,.et,.l  with  prot,..n  syntln-is  an,l  tl,e 
"rest"  X  with  |irot,'in  ,l,'};ra,lali,>n. 

2.    The  total  nitro;,en  an,l  the  partili,m  ^ronps  of  th,'  ■'»■-„/      (iro,rlh 
(spurs  an,l  braneh,-s)   also  vary  with  frrowlh.  inen.isin-  when   ,t   ,s  rapul. 
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The  total  nitro(?en  decreases  rapidly  from  the  period  of  hiui  swelling  to 
the  period  of  full  bloom,  and  the  amount  of  the  decrease  is  indicative  of 
the  demands  of  the  youn<?  shoots  for  nitroo'en  stored  in  the  phloem. 

3.  The  indications  are  that  durin**'  bud  swellin<>'  the  reserve  i)r()teins 
are  transported  to  the  actively  •••rowinjj!'  ])ai"ts  in  the  form  of  amino-acids. 

4.  There  can  })e  no  (juestion  as  to  the  plienomenon  of  autumnal  mifrra- 
tion  of  nitr()<2:en  from  the  h'axcs  to  the  branches  in  lhis  sprcics.  Stoi-jiov  js 
iii;iin!y  in  the  one-  an<l  tNN'o-ycnr  u'l'owths. 

-").  In  the  aerial  j)arts  nitric  \  (nitrjitcsi  was  found  only  at  one  period 
vi:.,  in  the  buds  just  as  they  were  openinii'. 

().  In  tliis  species  nitrates  are  t  ransi'oi'nied  to  amino  acids  for  the  most 
part  in  the  fine  roots. 

7.  The  soluble  protein  nitroj^en  is  very  snudl  throuj^diout  the  cycle. 

8.  Ammonia  nitrop-en  is  very  low  tln*ouL>'hout  tlu^  cycle. 

9.  Xitroo-cn  eciuilibidum  is  just  about  maintaiiunl  by  the  ai)plicati()ii  ot' 
5  lbs.  of  NaNO.;  to  a  IH-year-old  Stayman  Wiiu^sa])  tree  <»'rowin<j:  in  sod. 

10.  The  importance  of  the  possible  role  by  the  ''rest"  X  compounds  is 
pointed  out.  The  results  tend  to  confirm  CmHXALi/s  theory  that  they  are 
connected  with  i)rotein  dcfj^radation. 

11.  Owinf]^  to  the  small  (juantities  not  only  of  soluble  ])roteins  but  also 
of  the  total  water-soluble  nitro<j:enous  ])roducts,  this  species  is  not  suitable 
for  investigations  on  the  mechanism  of  ])rotein  synthesis. 
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Vitamin  Studies  XV.    Assimilation  of  Vitamins  A  and  D  in 

Presence  of  Mmerai  Oil.^ 

R   ADAMS  BUTCHER,  J.  O.  ELY  and  H.  E.  HONEYWEIJ.. 

from  the  Doparment   of  Agricultural  and   Biological   Chemistry,   Pennsylvania 

State  College. 

In  our  work  on  vitamin  A  it  became  necessary  to  dissolve  known 
weights  of  butter  fat  and  cod  liver  oil  in  vitamin-free  o.ls   m  order 
that  the  feeding  of  small  amounts  of  vitamin-contammg  oils  might 
be  facilitated.     We  thought  it  would  be  of  interest  to  observe  the 
effect  of  mineral  or  paraffin  oil  ,)n  the  assimilation  of  the  fat-soluble 
vitamins,  inasmuch  as  this  tyF  "f  oil  should  be  a  solvent    ,.r  fat- 
soluble  substances.     Since  the  mineral  <m1s  are  not  absorbed  in  the 
Ka^tro-intestinal  tract,  it  is  to  be  exi>ected  that  the  mmerai  oil  should 
remove  much  <^f  the  oil-soluble  materials  with  which  it  c.jmes  m 

contact.  ,  ,      .       r  X    1 

In  the  vitamin  A  studies  all  rats  were  place.l  on  the  irradiated 

casein-dextrin  ration'  with  daily  additions  of  0.4  grams  of  Fleiscli- 
mann's  special  drie<l  yeast.  When  the  animals  had  depleted  the.r 
storage  of  vitamin  A,  which  occurred  at  about  the  3/th  day  ot  the 
preliminary  feeding  period,  the  various  oil  mixtures  were  fed  sepa- 
rate from  the  ration  in  the  daily  dosages  <lescribed  above.  All  min- 
eral oil-butter  fat  mixtures  were  made  in  the  proportion,  by  weight, 
of  mineral  oil  2.5  to  1.0  of  butter  fat,  7  drops  of  the  mixture  con- 
taining .0666  grams  of  butter  fat. 

The  first  gnnip  of  animals  was  fed  a  curative  dose  carrying  .0666 
grams  of  butter  fat.  None  of  these  animals  resj^mded  to  the  mix- 
ture, xerophthalmia  develot)ed  and  three  of  the  animals  died.  At 
this  i»int  the  mineral  oil  was  removedjm^theJ)utiter  fat  feeding 

^~'7uWi;heaTrpo7mi^o',r;7^Dir<.,.";or   of   the    ARric-ultur.l    Kx,K.rin>ent 
Station  as  Scientific  Paper  No.  430. 
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was  continued.  All  animals  he^an  to  grow  and  the  ophthalmic  con- 
dition disappeared.     (See  Curve  I). 

Three  animals  were  given  similar  treatment  except  that  the  min- 
eral ()il-l)utter  fat  mixture  was  fed  at  a  14  drop  level,  which  was 
equivalent  to  4  drops  of  butter  fat  weighing  .133v^  grams.  One  ani- 
iii;il  (lu'd  and  ihc-  miJum"--  tailrd  l'>  grow  >ati>tactoril\-.  At  the  iiiinl) 
day  tlic  mineral  oil  \\a^  i-emo\  ed  and  the  butter  fat  feeding  \va> 
Continued  with  an  inunediate  i'e^pon>e  in  growth.      {.See  ( "ur\e  H  ). 

.\  tln'rd  group  was  ted  in  the  s.mie  manner,  except  that  the  dailv 
allotment  ot  the  oil  mixture  was  increa>ed  to  21  drops,  which  rep- 
resented 6  drops  or  0.2  granis  of  butter  fat.  These  animals  also 
failed  to  grow  and  the  mineral  oil  was  again  removed  and  growth 
was  resumed.     (See  Curve  III.) 

The  fourth  group  was  given  the  same  treatment,  using  the  oil 
mixture  which  contained  daily  additions  of  .\33^  grams  of  butter 
fat.  These  animals  were  allowed  to  remain  on  experiment  for  56 
days,  while  the  mineral  oil  was  alternately  added  and  removed  at 
stated  intervals.  The  growth  curves  of  the  animals  rose  and  fell 
with  the  omission  and  addition  of  mineral  oil.  (See  Curve  I\^). 
To  conserve  space  only  representative  curves  are  given. 

It  is  ((uite  evident  from  the  results  obtained  that  mineral  oih 
possess  the  property  of  dissolving  vitanu'n  A  from  food  materials, 
thereby  depriving  the  body  of  this  vitamin,  even  though  vitamin 
A  be  present  in  excess  of  the  bodv  needs. 


Vitamins  A  and  1)  and  Minekai.  Oil 

The  fifth  group,  consisting  of  10  rats,  was  placed  on  exi)eriment 
,^^h  the  calcifving  potency  of  cod  liver  oil  when  fed  n.  the  pres- 
!:^  of  mineral  od.     The  same  technicpie  was  followed  as  descnbed 
previous  paper^  using  the  Steenbock  yellow  corn  ratum. 

;^  nncral  J-o.\  liver  oil  mixture  wa>  prepared  o  ..n6  pait. 
,Vvei.'!n)^.Mninera1oiliol  part  of  eod  liver  od,  1  rev.ou.  ex^ 
;  ;  wuh  tin.  .onple  ot  c.d  hver  od  (4  dr.,.  dadv  ad 
■  U\A\  ^  ncT  cent  ^^i  (  lemur  )  bone  a^h  alter  the  annnaMiad 
ita!:ndK-Stee.bochrat,on,^.r2ldav.  1  n  the  .ndy  o.thc 
;fcut  nimeral  oil  the  annual,  received  dadv  dosage.  ..t  l.;lro|,. 
;"the  mixture  which  contained  4  drop>  of  cod  hver  od  wcghmg 

.1180  ,i,^rams.  _       _    ,  ,     ^.^ ,    ^^^^  _^;,^^ 

When  the  rats  had  subsisted  tor  ^i  (lay^  ou  mc  ..ccc........  

,,Uhe  dailv  allotment  of  15  drops  of  oil  mixture  all  amm:ds  were 
chloroformed  and  the  femur  bones  were  dried,  extracted  with  alco- 
hol and  ether  ami  ashed.  The  average  perceiUage  of  ash  ob  amed 
,as40.SO.  which  approximates  the  results  w.  obtain  when  cod  Incr 
0,1  i.  fed  alone.  Line  tests  were  performed  on  ah  of  the  animals 
and  the  picturo  indicated  a  degree  of  calcification  identical  with  that 
.toned  when  cod  liver  oil  i>  fed  in  the  absence  of  mineral  oil, 
therein-  .uh>tantiating  the  results  obtained  bv  the  ash  method. 

It  i;  clear  that  mineral  od  may  act  a>  a  solvent  tor  vitamin  A, 
therein-  depleting  the  ingested  f..od>  of  their  >upply  of  this  vitamin. 
hut  we  have  obtained  no  evidence  to  show  that  the  calcifying  potencv 
ot  end  liver  oil  is  appreciably  affected  by  the  presence  of  mmera 
„il.  It  i>  entirelv  pos>ible  that  increa>ed  amounts  ot  mineral  oil 
miidn  diow  a  solvent  effect  on  the  antirachitic  factor. 

Work  is  now  in  progress  to  study  the  entire  matter  m  greater  de- 
tail, and  with  particular  reference  to  the  induence  ot  niineral  od 
ui,nn  the  digestion  of  fat.  and  oil>.  We  are  also  planning  to  >tudy 
tlleeffect  nt  diet>  rich  in  vitannn  deficient  fats  with  the  view  ot  de- 
termining whether  or  not  undigested  glycerides  may  not  have  a  snl- 
vent  action  ou  the  fat-soluble  vitamins  in  the  tood  and  body  ti>sues^ 

Xnte:  \fter  this  paper  had  been  prei)ared  and  the  work  announced 
at  the  Rochester  meeting  ..f   the    hederated   Societie>    tor    hx pen- 
mental  k.ndogv  (April  11-16,  V^27),  the  work  ot   lUirrows.  M     1 
and  Farr,  W.'K.,  aj.peared  in  thi>  I'rockkdixos  (  xxiv,  /  VK  April, 
l'»i7).  substantiating  the  findings  described  in  thi>  paper. 

This  is  a  ])reliminary  report.  

^  >  l)ut.-lu.r.  \i.  A.,  ntM   Kru-.r,  A.   H.,  ./•   n<nl.  Chr,..,    l!>:i«'.  Ixix    1^77.         _ 
■■DutHuT,  It.   A..  On.i-hn.n,   M..  :n..i    Rothnu-k,   II..  •/•    /.''"'.  Cl""'-^    I-*--- 
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NITROOENOUS  METABOi.lS:M  OF  PYRUS  31  ALUS  L. 

IV.    THE  EFFE(7r  OF  SODIHIM  NITRATE  APPLICATIONS  ON  THE 

TOTAL  NITROGEN  AND  ITS  PARTITION  PRODUCTS  IN 

THE  1>EAVES,  NEW  AND  OXE  YEAR  BRANCTE 

(;!vM)\VTII  TlllJOl'dllol  T  A  YM Airs  CYCLE' 

W  A  L  r  K  i:     T  11  o  -\i  a  s, 
(wiTTT  si:vi:n  ri(.ri;i;s) 

Introduction 

The  tliii'd  ]^n])oi'  oi'  ihis  scruvs  (7)  ^n\v  iiit-  ir>Uiis  oi  an  irtVi  slipratioii  on 
the  quantitative  chaiis-es  oeeurriii<>-  in  tlie  various  Tiitro«>:en  fractions 
throii<,rliout  a  year's  cyele  in  a  Stayman  Wincsap  tree,  15  years  old,  in  the 
"Off'-  year,  orowinjx  in  sod  in  tln^  C()lh^«>e  Ex])ei'imental  Oirhard. 

Altlion^h  no  evidence  to  support  the  claim  of  certain  investigators  that 
nmiiio-acids  act  as  catalyzci's  in  accclei'atino'  tlie  i-ate  of  growth  was  ol)- 
tniiKMh  iK^N-ertlicless  tlie  results  slum-ed  that  ainino-acids  ])lay  a  sjx'Cific  I'ole. 
T]i(\v  ap])ear  to  be  the  form  m  which  nitro^ren  is  carried  from  the  roots  to 
tJie  metabolically  active  parts  and,  with  the  amides,  are  connected  with  the 
synthesis  and  utilization  ot^  ])roteins.  :\roivovei'.  it  was  also  shown  that  the 
unclassified  or  "rest"  N  compounds,  conceriiin«i:  the  nature  of  which  little 
is  known,  may  i)lay  a  role  as  important  as  that  of  amino-acids,  amim's  and 
amides,  because  of  their  apparent  function  in  ]>i'otein  degradation.  Finally, 
evidence  has  ])een  produced  (8)  showing-  that  the  reduction  of  nitrates  and 
the  formation  of  amino-acids  take  place  in  this  species  for  the  most  ])art 
in  the  fine  roots;  hence,  a  knowledge  of  the  internal  effects  i>roduced  by 
iiiti-oo'enous  fertilizers  can  only  ])e  obtained  by  followinp:  the  fluctuation  of 
the  pi'oducts  or  substances  into  which  the  NO,  ion  is  transformed. 

That  a  knowledge  of  \hv  nitrogen  distri])ution  in  the  woody  ])eivnnials 
is  hiojily  desii-abh^  is  ircognized  by  several  investiu-atoi's.  Thus.  I'k'okhstinc. 
f4)  li;is  sugu'csted  that  not  the  total  nitroixen  but  some  fraction  of  it  miuht 
have  t,,  l)e  consideivd  in  all  att(Mnpts  to  coi'i-clate  \hv  iTlation  of  nuti'ients 
to  tlie  nctivity  of  the  cand)ium.  Pottkij  and  KKAvnn.i.  (3).  discussinu"  the 
hehavior  of  bearing  as  compai'CMl  to  nond)earing  spurs  of  apple  trees  with 
n"s])ec1  to  the  correlation  betw(>en  coin]>osit ion  and  si)ur  p(>rfoi'mance,  state 

M>ul.]isli(Ml  Avith   the  :ii>i)r..v:.l  of  llu"   Dirccti.r  cf  tlie  Agrirulturnl   Kx]HMiincnt   Sta- 
tion as  sciciit  ilic   jiaiMT  no.    \'.',-. 

lit.") 
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that  the  determination  of  the  different  forms  of  nitro<>-en  is  ''a  difficult  or 
impossible  task"  but  add  ''that  ii*  progress  can  be  made  in  differentiating 
the  forms  oL*  nitroo-en  avaihd)le  to  spurs,  it  Avill  be  ol'  greatest  vaUie  in  in- 
terpreting results."  The  present  pioneer  investigations  have  shown  that 
the  task  is  not  impossi])le ;  it  is,  however,  diffieult,  laborious,  and  time-con- 
suming and  will  ol'  necessity  reciuire  a  lai'ge  force  of  woi'kers  in  any  attempt 
1()  correlate  the  itcrfoi'mance  of  a  lai'g*'  number  of  trees  or  plants  i-eeeivino' 
.nrfctvii!  frnilizer  tivnlmeiits  with  tlie  l'<U'in-  (if  nitrogen  ;i\;nl;il)!e  to  the 
niort'  nil  ta])(»lle;ill\'  a<'1  \\r  pai'ls. 

11  is  iiiicert;ilii.  \\il!i  our  pi'eM'Ul  liiiiite(l  iaiowleduv,  tn  wlint  extent  tlic 
,l,.l,.riniii;ill(iii  nf  tlie  nitrogen  di^t  rilml  ion  in  jil;inl>  enii  l»o  upprKMi  to  pmc- 
tieal  agriculture.  Tluis  t';ii\  an  msiglit  lias  been,  obtained  onl\-  into  tlic 
quantitative  changes  taking  ])lace  dui'ing  a  year's  cycle  of  the  watei'-soluhlc 
nitrogen  fractions.  The  ])ossibilities  and  limitations  of  nitrogen  distribution 
investigations  in  this  species  are  clearly  (k'lined,  ami  more  especially  will 
they  help  to  clarify  all  speculations  relative  to  the  utilization  of  any  of  the 
nitrogen  fractions  in  the  development  of  the  carbohydrate-nitrogen  I'clations 
in  investigati(nis  relating  to  vegetative  growth  and  ilower  formation. 

Digressing  for  the  moment,  it  may  be  pointed  out  here  that  the  logical 
point  of  attacking  such  problems  as,  for  exami)le,  the  factors  inlluencing 
fruit  bud  formation,  which  so  nmny  phmt  physiologists  and  horticulturists 
are  at  present  attempting  to  solve,  may  be  to  ascei'tain  first  of  all  the  in- 
ternal C(mditions  that  cause  differences  in  vigor,  this  being  the  external 
expression  of  the  internal  factors  affecting  the  rate  of  metabolism,  which,  in 
turn,  is  limited  by  the  rate  of  absorption  of  nutrients  by  the  root  system. 
The  present  i)artiti(m  results  offer  suggestions  in  this  respect. 

In  the  earlier  metabolism  investigations  of  the  writer  (6)  the  nitrogen 
partition  work  was  carried  out  on  one  tree  in  the  absence  of  the  disturbing 
factor  of  developing  fruit.  This  investigation  was  extendcMl  in  l!)'24-2-) 
to  include  a  comparison  of  the  course  of  the  various  nitrogen  fractions 
throughout  a  year's  cycle  in  two  trees  of  the  same  variety  and  age  growing 
along  side  one  another  in  a  homogenous  soil,  one  of  which  received  sodium 
nitrate  applications  and  the  otlu^r  none.  The  (luestion  may  be  asked,  what 
basis  is  there  to  justify  a  com]iarison  of  analytical  results  in  which  one  tree 
and  one  tree  only  is  com])are(l  with  another  of  the  same  age  and  variety 
growing  beside  it  in  a  homogenous  soil?  In  other  words,  can  it  be  postu- 
lated that  the  ])erformanc(>  of  the  tree  receiving  XaXO,,  additions  would 
have  ])arallele(l  the  untreated  ivcv  with  which  it  is  compare(l  had  the  foi'incr 
received  no  such  additions;  or.  if  both  tre(>s  had  receiv(Ml  the  same  nitrogen 
additions  would  the  responses  indicated  by  the  analytical  data  be  identical. 
From  the  results  of  investigations  cai'ried  out  by  the  writer  in  l!)lS-2n. 
there  api)ears  to  be  little  doubt  that   if  th(>  sam])ling  is  carri(Ml  out   on  tlie 
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principles  already  stated  (7)  such  comparisons  as  are  here  attempted  are 
Licntifieally  sound.  The  differeiu'cs  in  the  total  nitrogen  and  its  partition 
products  observed  in  the  present  investigation,  therefore,  can  logically  be 
attributed  to  the  addition  of  sodium  nitrate  to  the  one  tree  and  not  to 

the  other. 

Materials  and  methods 

Two   Stayman    Winesnp    trees,    Hi   years   ohl,    gi'owing  adjac(^nt   to   one 
.,,„,|i„.,-   in    the    (^^neue    Oivhafd.    bolh    of   ullicli    h;id    .'liwiiys   been    subjected 
iolhe  same  -eiieral  treat. ueiil,  and   which   resull(Ml   in   very  simihir  -n-wth 
.,,,,1  n.pro.b.ctiv,-   responses,  were  us(.l   in   this  invest  lo,!  inn.       One  of  tliesc 
Inrs.  no.   h:   •-!(>.  was  Irc.-il.Ml  with   10  puiinds  of  sndiuni   niti'atr  ..n   April  1^0. 
1924.  just  after  th(^  buds  were  commencing  to  swell,  and  again  witli  anoth('r 
lo'pouiKls  on  June  S,  1!)24,  at  the  initiation  of  fruit  bud  formation.      Tliis 
nnpnlitv  is  four  times  the  application  normally  given,  the  object   being  to 
aeccntmite  whatever  internal  differences  might  be  produced  in  the  nitrogen 
metabolism  of  the  trees  by  the  nitrate  additions  as  indicated  by  the  parti- 
tion results.      The  external  differences  that  existed  were  shown  by  the  much 
darker  c(dor  of  the  foliage  and  greater  vegetative  extension  of  the  treated 
tree.     Keproduction,  as  indicated  l)y  the  yields,  was  S  ].er  cent,  less  (m  the 
treated  tree,  which  would  lead  to  the  conclusion  that  if  the  theory  of  carl)o- 
hvdrate-nitrogen  I'atios  Indds,  the  excessive  nitrate  ai)i)rieations  have  tended 
to  shift  the  treated  trees  from  class  III  to  class  II  in  Kkals  and  IvHAYmLi/s 

classification. 

The  c(dl(-ction  of  samples  was  carried  (mt  under  favorable  meteorological 
conditions  in  the  early  morning,  in  the  manner  already  described  (7).  The 
collection  was  made  on  ten  different  dates  between  Ai)ril  4.  1924,  and  No- 
vember 11,  1!)24,  the  samples  being  taken  to  the  laboratory  immediately  and 
dried  in  the  manner  already  indicated  (6). 

.\s  in  the  earlier  exi)eriments,  no  corndation  could  be  f(mnd  between  the 
total  nitrogen  or  any  of  its  fractions  and  any  of  the  climatic  factors.     How- 
ever, a  summary  of  the  weather  conditions  is  ai)pen(led  as  a  matter  of  record. 
The  wooo  and  uakk  sei'AKATK.x  i'Kohlem.-     In  all  collections  dating  from 
June  n.  1!)24.  the  wood  and  bark  of  the  braiodi  «jrowths  were  separated  be- 
fore ])rcserviim-  the  sami)les  by  desiccation,  but.  as  pointed  out  in  the  third 
paper  (7),  it  was  found  that  no  si)eeial  a<lvantage  is  to  be  derived  from  ihis 
procedure  an<l  that,  moreover,  the  interpreiat  ion  of  the  nitrogvn  j.artition 
results  is  not   atfected  by  such  separations.     Also,  owing  to  the  ndatively 
.small  (piantity  of  each   tyi.e  of  branch   tissues  available  for  the  partitum^ 
work,  it  was  found  in  many  cases  that  there  was  either  insuftieient  "wood" 
or   ''bark"    to    carry    out   satisfactorily    tlu     analytical    work    upon    them 
separatelv.     .Most    of  the   work,   therefore,   was  carried   out  on  samples  of 
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TABLE   T 

J-Jr.M.NL\l;V    OK    .Mi;TK(>l;()l.<)(il('AI'    I'ATA 


Pates 


Mean 

MAXIMUM 


Mean 

M  I X  1  M  r  M 


SrxsiiiNE     TFrMiDiTY 


A[)ri!  I    April    IM   

April  22- A  pi  i  I    28 

Apiil  i!l»   Miiv     i;;  

.M;iy  1  !    M:i>      l^L'  

Mnv  2;;".liiin'     11  

•  luiic  IL'    .Inly      Hi  

.Lily  17    Au-ii>t     1"^    ... 

AuUUSt  2it    C)ctnl)C)'    7 

()('t()li(M-  S-  Xovciiilx'i'   1 1 


1)(-.  V. 

Dr-.    V. 

I  IK- he ^ 

Per  (Tilt. 

Pt'i-  ('('lit. 

,") .' ! . .') 

:\\.s 

;;.L'<; 

.".It.  I 

•  i^.7 

(iL^.:; 

; : '  i ,  7 

(I.2S 

s;;.;; 

G;].y 

i''-2.r< 

i::.."^ 

i.t;." 

.ii.ii 

70. i: 

.M'.it 

i;;.n 

1.:;:; 

!  l.'.t 

7ii..'i 

iV.',.-2 

45/J 

L'.:;.') 

i^.!* 

77.1' 

7ii.7 

,".(;.n 

7.117 

(.1.7 

711..". 

7S.1 

.")<;..") 

■l:;ii 

7<').;; 

7'i.:; 

cs.,") 

■k;.i) 

1.7)4 

•12. !l 

7!i.s 

(id.-i 

;;7.2 

0.1(1 

r.'i.C) 

"wood"  Jiiid  "bark"  eoiuhined  in  llio  ])i'()])()rlioris  in  Avhicli  tlioy  were 
present  in  tlie  ori<»innl  sani])le.  Tliere  is,  theret'oi'e,  as  far  as  tlie  ])riii- 
cipal  nitro«ren  fraetions  are  eoneerned.  litlle  dan«:er  of  a  deficiency  due  to 
localization  of  Hie  metal)olically  adive  nitrogen  fraetions  in  some  tissues  at 
the  expense  of  otliers.  Consecinently,  all  analytical  data  have  been  re-calcu- 
lated to  the  ori«>'inal  basis  as  if  wood  aiid  l)ark  had  been  o-i-onnd  n])  to<i-etliei'. 

The  tviktiioi)  in  detail.-    The  extractions  with  water  Avere  carried  out 
in  the  manner  outlined  in  tli(»  iirst  ])a|)er  (6). 

The  two  fractionation  schemes  ado|)1ed  in  these  metabolism  investi<z'a- 
tions  have  already  been  discussed  in  (h'tail  (7).  The  second  fractifmatioii 
scheme  was  ado])t(Ml  in  the  pri^ent  woi'k,  as  fewer  separations  are  iuNolvcd. 
a  wei<zhty  consideration  whei'c  a  lai-«i'e  nnml)er  of  samples  is  to  l)e  exammcd. 
in  s]Vite  of  the  fact  that  a  consideration  of  tlu^  accuracy  and  limits  of  error 
as  o;iven  in  table  III  indicates  that  this  second  scheme  is  subject  to  jjreater 
analytical  errors  than  the  fii'st  scheme,  llowevei-,  for  the  i)resent  compara- 
tive  studies  the  second  scheme  sei'ves  (piite  Avell. 

Tn  tlu^  non-i)rotein  filtrates  fi'om  the  colloidal  ferric  hydroxide  i)ri'(Mi)i- 
tation  (6),  the  followin<i-  fractions  were  determined  -  Ammonia  X,  amide  N 
(as])ara^-ine  and  ])Ossibly  n-lutamine  XK  basic  X,  a-mono-amino  X.  and  also 
huiinn  and  melanin  X  fi'om  the  amide  and  basic  7iitrot:'en  detenidnatiens. 
The  sum  of  these  nitron-en  fractions  subti-acted  from  the  non-])rotein  nitro<r'"n 
gives  th(>  "rest"  nitrogen. 

T  ]f!i{ir()sr(f])ic  ini-hr.-  This  was  determined  on  a  two  y-ram  sample 
dried  at  110"  ('.  for  2\  hours. 

2.  Tohtl  waiir-sohihU  X.  This  fraction  was  detei-mined  in  the  nsiial 
way  by  the  Kjeldahl  method  on  200  cc.  aruniols,  adopting-  standard  methods 
and  prociiutidiis  lor  csliiiialiiij.'  siiinll  (|iuiiitilifs  of  iiilroiicii. 
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3  Ammonia  A'.— Tlio  animoriia  N  was  (letcnnined  on  a  TiOO  cc.  aliquot 
h.foro  ti-catn.ont  with  c(.ll.ii<lal  iron  an.l  for  reasons  already  ;;iven  (7). 

4  Non-prolnn  iV.^Tliis  was  deler.nin.d  in  tl,e  same  manner  as  the 
total'water-solublc  nitrogen  on  200  oe.  ali<iuots  of  tlic  filtrates  from  the  col- 
loidal ferric  hvdroxide  jirccipitation. 

5  Amide  .V  {asi,ani<iinc  and  possihhi  nJuhimmc  A').— 1  P  to  tins  stajje 
,;,..,, ,i„„„l ion  melhod  is  similar  1.>  that  adopted  in  the  earlier  investi- 

„..,,i„„s  (7.  ;  the  point  of  departure  is  n.ade  at  this  .la.-e.  The  .leterm.na- 
;■;„  „r  aniele  N  i.  .•arrH.l  out  ...ml  iail.v  l,y  Sa.-m.-k's  n,Hl,od  -S:.  M  ,  l.v 
,,l,nn-  a  delinile  .inanlily  oi  11(1  -  M,llieir„l  lo  uixe  a  -t  per  ee„l.  solution) 
',„ll„'«l,olr  ol-  the  non-,u-ot.-i„  N  lillrale  nMua.ninu-  afler  tlie  removal  ol 
,|,„  „|i,|„nts  tor  the  delenninalMO,  of  n,lro..n  luhivh  usuall.v  ainounls  to 
ItiOO  ce  ).  an,l  then  h.v,lrol>v,ino.  t'o,.  tln.v  hours.  The  .solntM.n  ren,an,m|: 
after  the  renu.val  of  the  IKT  /»  raruo  is  diluted  to  '''"-"^  ■*'";  "'-^i^'' 

.,„ ,l..,r,.,.e  distilled  water  and  distilled  in  vacuo  witli  solid  (,a()    [<)■ 

The  asparajrinc  X  (with  possibly  s,une  .Intaniine  X)  is  obtained  by  sub- 
„.a,tin.'  the  free  ammonia,  d,.termined  as  previously  indicated,  from  the 
a,aonnt  obtained  in  this  ,letern,ination,  i.e.,  after  hydrolysis.  Proteoses 
were  present  in  too  small  a  (piantity  to  allVet  the  amide  >;  results 

6  llnnnn  X  and  (V,(0//).  mdanin  S  and  ha.ic  A  .^The  solution  re- 
maining in  the  fbisk  from  the  amide  X  determination  is  filtered  iron,  the 
hmnin  and  CaCOll)..  melanin  X,  waslied  with  hot  water  until  ree  from 
ehlorhL's.  and  the  nitro^-,.n  content  (,f  these  precipitates  determined 

7  Tlu  l,a.ic  A-llAisMANN's  method  (D  with  mo<liheations  (2,  9)  as 
indicated  later  was  adoptcl.     The  filtrate  an.l  washings  were  -"-"t™J^;^ 
.„  vacuo  to  about  80  cc.  and  then  transferred  to  a  be.d<er,  the  <'''"tcnts  b    ng 
cooled  to  20°  e.     Afterwards  2.5  cc.  c(meentrat..d  H.SO.  were  slowl,^  achled, 
followed  hv  a  solution  containin,^  20  ,m.  of  pliosphotiin^stic  acid  and  :.  gm. 
concent rat'cl  U.SO.  per  100  cc.  the  mi.xture  hem.  added  drop  b>    d.   p 
Six  ee.   of  this  phosplM.tun^stie  achl   mixture   wre  quite  sulhcient    ,n     he 
present  w.uk.     Care  is  to  be  taken  to  avoid  more  than  a  sli^lit  excess  ol  the 
phospln.tuuustic  acid  solution;  otherwise  dilheulty  will  be  encouiit,.red  ,n 
the  subscpK-nt  amino-acid  .let,.rmination,  owin,-  to  preeipUatnu,  o    some  ,d 
the  phosplu,ti,n.sti,.  aeid.     The  solutions  were  diluted  to  20.   cc.   heated  on 
the  water  bath  until  the  precipitates  ,.f  the  bases  were  dissohvd,  and  tlu.n 
allowed    to   stand    for   two   ,u-   three   days.     The   granular   piv-ipitate   was 
,il,„,,.,l  otr  an<l  waslH.,1  with  a  small  quanlily  ol'  phosphotun.^slicaeid  solu- 
tion containiufr  2..-.  ;:m.  phosphotun^^stic  aei.l  ami  .".  ;nu  eoneeni rated  11,SU 
per  100  cc.     The  teehnhpie  of  washin,'  these  precipitates  was  carrx.l  out  in 
accordance  with  OsimnNK  an.l  Hakius's  .2)  rccommen.latM.ns.     \  ,|N  S.akk 
(9)  ..ives  a,l.liti..nal  ohMU-vations  on  the  ..are  in  ,.recipitat.n-  and  washin„ 
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TABLE  II 


The   l'KK<KXTA(iKS   OK   JM]5IHlTIONAli   AM)   T()TAT>    WATER 

One  \eau  bkaxch  gkowtje   (tkee  no.  E-l'O) 


Series 

NO. 


CoM.K(^'l"IX(i  date 


Dksckiptiox 


Fi:es]i 

WEKillT 


AlOLS- 

ttke 
fi;ee 

VVEUaiT 


IMHIRI- 
TION.VE 
WATER 


((•I 


Kil 
1()2 
1  >5A 
JS5B 
liM") 
]9().V 
20;]  A 
20:11^ 


2;!  7 


2  MS 


Apn!       1,    llt_'  1 (  woou  anil 

A  I'l  il    L'  i  ,     1  i'L'  \ <  wnnii  and 

A|ii  il    L'S.    I'.il!  t [  w 1  ail'! 

Ma\     1;;,    1!'-  I     !  w !  :w;.l 

May   22,    1'.'2  1    (  wmx]  and 

Juno    11,     n»21 (wood) 

.June    11,    1!»24 (I.ark) 

»i  UJ^\  I  »  ',        I  .'-  t y   wxtyni  J 

July    IC,     11124 (])aik) 

August   2S,    11)24 (wood) 

Anoust   2S,    11124 (buik) 

Octol.or    7,     1!>24     .  (wood) 

OctolxT    7.    11*24 (bark) 

X()v(Miil)(M'   11.   11*24  (wood) 

XovcDilxM-   11,    11»24  (Itaik) 


-III. 

i;  1  n . 

irk) 

70.0 

.  1  ■ » .  ( 

nk  ) 

121. 0 

5S.I 

tik) 

55.0 

27.0 

Ilk) 

7;'..n 

."■5.0 

Ilk  ) 

5i.o 

22.11 

55.5 

2S.,S 

4;;.s 

17.1) 

i:',.7 

5(5. () 

22.(5 

70.1 

:;ii.5 

52.(5 

22.(5 

SS..", 

55.(5 

(s:;.! 

2S.2 

]2:'..o 

71.1 

7S.1 

.",S.4 

One  year  r.iia.xch  okowtii    (ti;ee  n<»,  lv-22) 


T()T.\L 

WATKR 


'rv  mil. 

I'tT  rn 

S'.i.tl 

5s.  1 

r.2.ii 

5l».ii 

5l:.o 

.in.;' 

58.4 

5il.lt 

57.S 

4S.1 

51.7 

51».l 

(50.7 

!  !.l 

1(;_W 

5S.S 

(51.S 

4:;. 7 

4(5.1> 

57.0 

(5(1. 1» 

;;7.o 

45.0 

55. :i 

57..'! 

42.2 

44.7 

50.S 

5k0 

Sei:ie.s 

NO, 

Coi,EE("riX(;  DATE 

l)ES(i;iPTlON 

Fi;esh 

WEIOII'I' 

1 

Mois- 

'|-ii:e 

FIIEE 
WEIOHT 

1  MlUlil- 
TlOXAE 
WATEi; 

T0T.\L 
\V.\TKi: 

1 

1 

1 

^ni.       1 

oni. 

Per  ciMlt. 

l*('r  ('('lit. 

(50 

April     4,   11>24 

(wood  and  bark) 

(51*. 0 

;;5.o 

41*.;! 

5;;.n 

(5S 

April  21,   11»24 

(  wood  and  bai4\ ) 

lis.o 

5(5.0 

52.5 

5ti.2 

S(5A 

April   2S,  ll»2^ 

(  wood  and  baik  ) 

(51*. 0 

;;4.o 

50.7 

0(1. II 

1(15 

May   1:;,   11*24 

(  wood  and  bark  ) 

S  1 .0 

;;7.o 

54.;! 

(5(1.4 

124 

May  22,  1I»2^   

(  wood  and  bark  ) 

5;;.;; 

21.(5 

51*.4 

(5(1.(1 

1 5  1 

.luiK"    11,    11*24 

(  wood  ) 

52.5 

;;;;.() 

.)  1 .1 

42.1* 

155 

.Iiiuc    11,    11>24 

( liaik  ) 

54.0 

24..'! 

55.0 

(50.2 

ISO  A 

.Filly     1(5,    11*24 

(  wood ) 

72.4 

41.0 

4;!. (5 

47.S 

ison 

.Inly    1(5,    11*24 

(bark) 

51.S 

21.4 

5(5.4 

(50.1* 

1!)!>A 

August    2S,    11»24    . 

(wood ) 

71.2 

4(*.4 

4;!. 2 

44.2 

lltllli 

August    2S,    ll»24 

(bark) 

5:;.  (5 

2(5.7 

47.5 

58. 7 

2  15  A 

OctolHM'    7,    l!>2t 

( wood  ) 

1*0.(5 

54.4 

40.0 

4;:.i 

215n 

()ct(.1u'r    7,    11*24 

(bark) 

(55.0 

:!(5.5 

5(5.2 

57.4 

21s 

Xovoitd)(>r   11,  11>24 

(wood  ) 

120.0 

42.4 

:!5.4 

40.(5 

217 

Novciiibcr   11,  11*24 

(baik) 

75.0 

:!.'!. 7 

52.2 

57.0 
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The  i'ei;('EXTa(;es  of  i.MUii'.nToxAL  an'd  total  water 

New  (irowtii  (tree  ko.  E-20) 
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Sf.kies 

xo. 


('ofi,F("itx(;  date 


Desckii'tiox 


Fkesh 

WEKMIT 


AIois- 

Tri;E 
fi;fe 

WFICHT 


iMiaiii- 

TIOXAE 
WATER 


Total 

WAIFR 


o-  ni . 

G'ln. 

i'.M    r,-,A. 

\'rr   CMlt. 

160 

,1  !!!.,■        1    1,       I'.t2  1         

511.11 

1  !.! 

(Ill, 2 

71.2 

185 

.liiiv    h;,    I'.i-Ji     

(  Will  Ml) 

; ;  •_'  1 1 

12.(1 

( 1 2 .  .'1 

05.1. 

186 

.iillv       !'■..      I'.IL'  1        

(bark) 

1  ( ; .  0 

1(1.11 

(1.").2 

(58.1 

191 

\in.MiM     L's,     I'.IL' 1 

(  \\  lit  id  ) 

;  1 1 L 1 1 

1(5.0 

4<5.(5 

50.2 

192 

Aumi^f     2s,    1112 1 

(  bark  ) 

;;  1.(1 

1  1.(1 

5  1.S 

57.1) 

20(5 

October    7,    11*2  1 

(wood  ) 

52.;! 

;:i.o 

40.7 

44.1 

207 

October   7,    11*24  

(bark) 

(5(5.(5 

21.5 

(57.7 

(50. S 

217 

NovcnOx'r    1  1,    11*24 

( wocxtj 

O.^.o 

42.5 

;!7.5 

4;!.;) 

218 

Xovenib.'r  11,    11*21 

(Iturk) 

51.0 

;!1.2 

;!s.s 

44.5 

1 

New  (ii;owTi[   (ti:ee  no.  E-22) 


Seiues 
xo. 


('()E!.E("riX(;  DA  TE 


DE.scKirrioN 


i     Mois- 

WEI(;HT  •       vuv.v. 
i    WEICIIT 


- 

Tmriiu- 

WATER 

TIOXAf. 

Total 

WATFIi 

IT 

•i'ln. 

L^ni. 

Per  cent. 

I'ei'  cent. 

15:! 

.hnic    11.    llt'M      

( wood  ) 

(5L() 
;!1.(5 

20. S 

12.;! 

(17.5 

(5(1. S 

72.0 

IssA 

.lulv     1(1.     11*21   

(5L2 

ISl) 

.Inly     1(1,    11*2 1    

(  bark  ) 

4(5.7 

17.7 

(ll.S 

(55.(5 

11*(!A 

An-ust    2S,    11*2  ^ 

(wood ) 

;!7.o 

2  1 .0 

b'!.2 

47.;! 

1!»(5 

.Xuuust    2S,    11)2  1    .. 

(  baik  ) 

40.0 

11*. 0 

52.5 

5L2 

212 

October   7,    11*2  t 

(wood ) 

4(1.1) 

21*. 0 

;!s.(i 

42.0 

211 

October  7.    11*2  ^ 

(bark  ) 

4(1.5 

21.1 

4S.1 

51.(5 

2;:o 

Xoveniber    1  1,    11*24 

(  wood  ) 

(12.(5 

;!s.() 

; !  / .  / 

41.1* 

2;i  1 

.\ovenibef    1  1,    11)24 

(  bark  1 

51.2 

27.(5 

41*. 1 

52.(5 

t]i("S(>  ])liosi)li()tiijio-stic  ;i('i(1  procipitiilos.  llowovcr.  no  si)oci;il  difficulty  ^vas 
OTicoinit(M-('(l  in  washiiio-  IIuoil  Since  llic  precipitates  were  small,  care  had 
to  be  exei'cised  to  employ  small  filtei's  ;nid  to  avoid  moi'e  than  two  or  three 
^v;lslliIlo■s.  usinii'  suction  ;ind  a  wa^h  solution  cooled  to  0  (\  In  this  respect 
the  techni(pie  dilt'ers  t'l-om  tliat  employed  in  pi-otein  Avork,  in  which  the 
(Hiantities  of  hn^ic  niti'(>«jen  ()l)taine(l  IVom  2  to  :5  um.  of  ])rotein  are  com- 
]);ii";it  ively    hii'ii'c. 

XitroLi'cn  \v;is  determitied  in  these  i)reeipilates  in  the  n^ual  ^vay,  the 
l^rccipitate  and  filler  heini:'  t  ranst'ei'i'cd  to  the  Kjeldahl  flasli  direct,  since  it 
^v;is  not  necessary  to  (h'compose  the  basic  ])hosphotnni:st  ic  precij)itates,  inas- 
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TABLE  IT  (Condmlcd) 

TUE   FKIU'HXTACKS    OF    1  MI5IliIT10N AI,    AXi)   TOTAL    WATE 

Leaves  (tree  no.  E-20) 


Sekies 

NO. 

Coeeeotexc   date 

FllESII 

WKKiilT 

MOTSTTTKE 
EUEE 

\vE[(;ii'P 

IMBIIU- 
TIONAE 

WATEi; 

Total 

WATKU 

gm. 

L^'ni. 

Voy  co}}{. 

Per  foiit. 

138 

1  !0 
1  !')<; 

"May  in.  lit'Jl  

May  L'l^.   11':^  1  

,lu!ir    1  1,    1 '.'•_' 1     

•iiiK    n:.   !'.;l'!     

50.0 

7i>.:; 
',•7.11 

i:'..o 

lli'.o 

S  L' ,  0 

71. n 
71". ti 
(n.o 
5'.t.s 

7<1,1 
7lM) 
62.6 

lit.") 

LllO 

All- list    L'S,    11  tut   

Octohor  7,  1!»:^1    

11  l.n 
170.0 

(iO.d 

77.0 

5  s.:'. 

54.7 

57.0 

'»>">  A 

Novcinl.cr    11,    li'lit 

40.0 

lu.;; 

51.S 

5(j.:5 

Leaves  (tkee  no.  E  -22) 


8ei:ies 

NO. 

COELEC^.TIXO    date 

Fresh 

WEICIIP 

Moisture 

fi;ee 
weioht 

IMIUBI- 
'JldXAL 
WAlEi: 

Total 

WATEil 

<^w. 

oni. 

l*('r  (MMit. 

I'd- cent. 

100 

Mav    i:'.,    1024    

40.0 

Ki.o 

(■)(). 7 

72.:; 

120 

Mav    22.    11  •24    

■-  •  »  •  > 

IS.O 

75.4 

77.11 

i5:;.v 

.luiK"    11,   1021   

S5.0 

21.:; 

Oo.l 

(i.).»; 

ISO 

.lulv  10,  1024  

2o;;.() 

S2.0 

50.1". 

05.0 

100 

An,mi>t   2S.    1024   

21  1.0 

Si>.0 

5S.  t 

(51.4 

215 

Octol.cr  7,   l!t24  

ICiS.O 

(i::.5 

(;2.2 

0,).2 

2;;;'.  A 

Xovcnil.cr     11,    1021 

:'.s.() 
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much  as  tlio  dolcnniiint icu  of  llio  (lianiiiu)  acids     hislidiuo,   ar-'ininc  ami 
lysine-   Avas  pot  under  consideration  in  this  invest i<!a1  ioiL 

8.  a-Monr,-<nnino  X.  Tlie  filtrate  and  ^vasl^m-s  from  the  idiosidiotnn?- 
stic  acid  i)reci|)itation  w(>re  made  alkaline  fpll  7.."))  ^vith  .")()  i)er  cent.  XaOII 
and  then  acid  (i)ll  O.O  )  Avith  acetic  acid,  conceidrated  In  raruo  to  ahoiit 
80  cc.  i.e.,  to  tlie  i>(»iid  at  ^vhicll  salts  l)e«:in  t(^  sei)arale  out,  and  finally  made 
up  to  a  definite  volume  (u-ually  100  cc. ) .  Tlie  a-mono-amino  X  ^vas  deter- 
mined in  the  usual  ^vay  in  the  \'ax  Slvki:  micr()-ai)i)aratus. 

9.  '^/iV.s/"  .v.-   This  ^vas  calculated  by  difl'evence,  as  already  d(>.scrihe(l. 

Experimental  results 

A  descrii)tion  of  the  sami)les  ^vith  their  fresh,  and  moisture  free  wei«rhts 
is  <nven  in  table  II,  and  the  i)artition  results  in  table  III. 
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Accuracy  and  limits  of  error 

Table  IV  i^-ives  the  differences  between  dui)lieate  determinations  in  cer- 
tain of  the  sei'ies  cak'uhited  as  percentages  of  the  mean  readings. 

TABLI^:   IV 

T)iKKi:i:i;\(Ks   oiri'Aixr.ii   ix   ckuiaix    diim.u  A'it,   di".  pkk.m  ixatioxs 


Si;i;!i':s 

NO. 

T(nAi.  X 
Vv\  .-rut. 

T<»r\i,    \\'A'ri:i;- 

(X  -M'  'X'  1  AMI  Xi 

X 

A  M  ii>i:  X 

I'll  1  •  ( ■  1 1 1 . 

Per  cent. 

Per  eent. 

60   

0.48 

1 .  ( ;  1 1 

( i .  7  T) 

7.^ii 

76  

l.L'H 

7. I'd 

r,.oo 

114   

'           o.l'i 

i.;;i) 

■L<i<i 

7.1" 

]::!)   

II. 1  \ 

5. SO 

I.IM) 

];;s  

().;;() 

J.l^U 

;;.!Mj 

L.IO 

Tlie  total  niti'o<j:en  shows  a  maximum  difference  of  0.48  per  cent.;  the 
\vatiT-s()hil)lc  nitr()<.i('ii  of  l.iiO  per  cent.;  the  a-mono-nmino  nitro.ucn  of  7.20 
percent.;  iind  tlie  ami(h^  niti'ogen  of  7. SO  ])er  cent.     All  variations  in  the 


mc 


tabolism  fi<>ui'es,  therefore,  can  be  regarded  as  signiticant. 


Discussion  and  conclusions 

Total  NiTKO(ii;x 

Total  ntik'oci-n  l\  tiiI'  om-:  vlai;  nuxwcii  ok-owi'il  it  wns  pointed  out 
in  the  third  ])nper  (7)  th;it  (hn'inti'  the  first  growth  of  spring  t  i'nnsloeati(m 
of  nitrogen  fi'om  the  one  ;ind  two  ye;ir  brnnches  to  tlie  young  sboots  is  very 
marked.  11ie  effect  of  this  demnnd  is  st  I'ikiniily  illustrated  in  the  ])resent 
invest  illation,  as  shown  in  tig.  1.  'i1ie  total  nitrogen  of  the  one  yeai-  growth 
of  the  unti'eate(l  tree  di'(.])s  during  th(^  ])ei'iod  from  Ai)ri!  2S  to  ^lay  !•'> 
from  ().2SS  per  cent,  to  O.KKi  pel'  cent,  on  tlie  fresh,  weight  basis,  ij .,  from 
0.720  ])ei'  cent,  to  0.4S0  tier  cent,  on  the  moisture  free  basis.  On  ]\lay  i:^) 
the  leaves  contain  as  high  as  O.S(i()  per  cent,  nitrogen  on  the  fresh  weight 
hasis  and  '.\.Sl{)  percent,  on  tlie  moisture  i\'v('  basis. 

The  effect  of  the  application  of  10  ixiunds  of  Xa\0,,  on  Api'il  20  to  tree 
11').  K  20  is  distinctly  evident  in  both  tlie  (plant  itat  ive  and  (pialitative  i-ela- 
tieiiships.  After  May  1:5.  wlien  the  trees  are  in  full  bloom,  the  total  niti'ogen 
curves  of  the  two  trees  take  a  diffei'cnt  course,  leasing  observations  on  the 
iii'Hstiire  U'^^v  basi^  h!y  dl  i.  \.( .,  the  slope  of  the  total  nitron'cn  curves  of  the 
uiitre;it(Ml  tre(>  is  negative  to  the  end  of  Sei)t ember;  vvhei'cas  in  tlu^  treated 
tree  (dy/dt  ).  thouiih  lluctuating  considci'ably.  shows  a  net  change^  of  almost 
^•'lo.     In  other  words,  from  :\Iav  1.']  to  the  (  nd  of  September  there  has  been 
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Fig.  1.     Total  nitrogen  in  the  leaves,  new   (Ii»L'4)   l)ranch  growth  and  one  year   (102.'i) 

1  (ranch  growth. 

TK)  net  <rain  or  loss  in  total  iHtr()<2:cn  in  llic  one  year  (1920)  hi'ancli  oTowth 
of  the  treated  tree;  whereas  in  the  uni'ertilized  tree  tlie  total  nitro^xen  of  the 
one  year  (11)2:])  hraneli  <^ro\vth  decreased  ''t^)  ])er  cent,  during  the  same 
])eriod. 

The  increase  in  the  total  nitrogen  content  of  the  one  year  hranch  growth 
of  tree  no.  Iv  20  continues  until  it  is  utilized  hy  the  demands  of  the  develop- 
ing shoots.  An  ins])ection  of  the  curvets  shows  that  the  second  applicati^'^ 
(Jnne  S)  of  10  i)()nn<ls  of  \a\(),  to  K  20  is  a])sorhed  more  rapidly  than  the 
first  applicati(m.  These  facts  lend  further  support  to  the  suggestion  that 
the  rate  of  ahsorption  of  a  nutritive  element  is  fundamental  and  prohahly 
one  of  the  most  impoi-tant  factors  in  soil  fertility  and  plant  nutrition 
])roblems. 


The  differences  in  total  nitrogen  content  as  a  result  of  fertilization  are 
again  clearly  indicated  at  the  peiiod  when  the  trees  enter  the  rest  period. 
On  April  4  the  one  year  branch  growth  of  the  untreated  tree  has  0.209  per 
cent,  nitrogen,  but  on  November  11  only  0.208  per  cent,  on  the  fresh  Aveight 
basis,  i.e.,  0.6:^5  per  cent,  and  0.4;17  per  cent.,  respectively,  on  the  moisture 
free  basis;  whereas  the  treated  tree  has  0.263  per  cent,  and  0.:546  per  cent., 
{,c.,  0.62S  \)vv  cent,  and  0.690  per  cent,  on  the  fresh  and  moisture  free  basis, 
^."..s'pcctivcly,   un    the    respective    dates.      The    ivsulls   are    clearly   shown    in 

tabic  \'. 

TAIiLi:    \' 

(■nM!>M;r:()X      OK      TIIK      TKRCENTACKS      .  M-        MM\1,      MTKOCrX      <  M'      Till;      ONE      VKAK      i;i;AN*lL 

<;i;ow'i-|is  OK  i;\(  1!   ')i;i  :■,  A'l'  •  iJri'MN    i'i:!;i<>iis 


COLLE<TIX(;  DATK 


T^XTliKATKI) 


Fresh 

weight 

basis 


April    4,    li)L'4  

April  2S,  1<)LM 

Novemher    11,    11>21 


0.299 

0.288 
0.208 


Moisture 

free 

basis 

0.63;! 

0.720 
0.437 


Treated 


Fresh 

AV(>ig])t 

basis 

0.263 
0.329 
0.34G 


free 
basis 

0.628 
0.764 
0.690 


Total  NrruocLN  of  the  new  (1924)  BKAxni  oROW-ni.— The  differences 
ill  total  nitro-en  content  of  the  new  (1924)  branch  growth  are  also  (piite 
mai'ke.l  on  the  two  trees.  The  untreated  tree  had  a  total  nitrogen  content 
of  0.:)79  per  cent,  on  June  11  and  of  0.:}00  per  cent,  on  November  11  on  the 
fresh  weight  basis,  i.e.,  1.40  per  cent,  and  0.60;J  per  cent.,  respectively,  on 
the  moistui'e  free  basis;  whereas  the  treated  tree  had  a  total  nitrogen  con- 
tent of  0.4:52  ])er  cent,  and  0.517  per  cent,  on  the  fresh  weight  basis,  i.e., 
1.50;^,  per  c(Mit.  and  0.900  per  cent.,  respectively,  on  the  moisture  free  basis 

on  these  (^atcs. 

Table  VI  conveniently  shows  the  effect  of  the  XaXO,  api)lications  on  the 

total  nitrogen  content  of  the  new  growth. 

It  has  alreadv  been  shown  in  the  third  paper  that  the  results  of  applying 
5  pounds  of  nit'rogi^n  ai-e  only  just  about  sufficient  to  maintain  nitrogen 
equilibi-ium  under  the  ccmditions  of  that  ex])eriment.  C(msidering.  then, 
only  the  season's  (1924)  branch  growth  and  the  one  year  (192:^1  branch 
growth,  the  i)resent  results  show  that  whereas  the  untreated  tree  will  start 
the  next  season  on  a  much  lower  nitrogen  ]dane  than  in  the  previous  season, 
the  trisated  tree  has  slightly  more  than  maintained  equilibrium.  ^  This 
appeal's  to  be  in  accordance  with  the  practical  results  obtained  in  this  Ex- 
periment Station,  indicating  that  10-pound  applications  of  NaNO ,,  per  tree 
may  be  practicable  economically. 
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TABLE  VI 

Comparison   of  tiik   pekcextagks   op   total   nitkooen   of   the   new    (li>24)    branch 

GROWTHS    OF   EACH    TRKE   AT    CERTAIN    PKRIODS 


COLr.ECTlXC  DATE 


.Jntir    !  1,    !:t24    

X,i\rinlMi'      11,     ll'L'l 


T^NTKEATET) 


Fresh 

weiiflit 


0.;',7lt 

(i.;;n(i 


Mcisture 
f'l-ce 

b :  I  s  I  s 

I!  CO  1 


T  HF.  A  TPD 


Presli 

^roisture 

weii^lit 

free 

1 » a  s  i  -: 

liasis 

n,  i;;-_' 

i.'d,: 

1 1  r,  I 


II  •(ill) 


Ttrr  \i.  \  iTi,"(><,i:\  i\  Tin;  i,!;\\i:>.  TnlilcA'll  sliows  llic  cfTcct  of  iVi'tili/;!- 
tioii  on  1lic  1olal  nil  ro.ucii  conteii!  of  liic  Icnvcs.  'V\\v  vi'i'vd  on  Ilic  leaves  is 
more  cloai'ly  indicated  in  the  diminution  in  conceuti'ation  of  nitro<ren  as 
indicated  l)v  1]ie  miicli  lower  tifi^nres  for  the  untreated  tree  on  the  fresh 
weight  basis  than  in  tlie  a])solute  ([uantitics. 

TABLE  VII 

Comparison  of  the  percentaces  of  total  nitrogen  of  the  leaves  of  kach  tree  at 

certain  periods 


T'ntreated 

Collecting  date 

Fresh 
Avei^iit 

basis 

^ToisturG 

free 

basis 

Mav    ]3,    1924                  

O.SOn 
o.44;'> 

•^.^)'2^) 
1.210 

November    11,    1!»24 

'1^  RE  A  ted 


Althou^-h  the  character  of  the  curves  is  the  same,  there  are  decided  qiimv 
titative  dift'erences.  On  ]\Iay  \:\  tlie  total  nitrou'eii  content  of  tlie  young 
li^aves  of  the  untreated  tree  is  O.S(i()  ])er  cent,  and  ol*  the  treated  tree  0.8:50 
l)er  cent.  ( t'ri'sli  weight  hasis),  or  :)S)20  pei'  cent,  and  :].(')]()  per  cent,  (niois- 
tui'c  fr(M'  1)asis^,  I'csjXM'tively.  At  the  end  of  the  period  of  chloi'opliyll  do- 
genei-atioiL  a])out  the  time  of  leaf  fall,  the  untreated  tree  contaiiKMl  0.44^! 
per  cent,  and  th(^  treated  t  re(^  0.()77  per  c(Mit.  (  i'resh  wei«iht  hasis^.  or  L240 
])er  cent,  and  L."),")!)  ])er  cent,  (moisture  Tree  basis),  respectively. 

The  same  fall  in  total  niti'ojicn  content  of  t  !i(>  leaves  from  tlie  1  inuMif  hud 
oi)enin*x  to  the  middl(>  of  Jun(\  obscM'ved  in  the  ])i'evi()us  invest iuat ion  and 
described  in  the  thii'd  ])a})er  of  the  series,  takes  i)lace  in  l)oth  trees.  This 
corresi)(>nds  to  the  i»ei'iod  of  most   rapid  «»'i'owth. 

The  Nrnu^(ii:N  Disriaiu'Tiox 
TiiL  PAKTiTiox  OF  NITHOOKX  IN  Till':  Li: AVI ;s.-    The  marked  differences  ni 
tlie  nitro^'cn  metabdlism  of  the  two  t  i'e(\s  is  vei'v  evident  from  an  insi)ectioii 
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Fig.  2.      Total   water-sob.ble   X,  water  soluble   prnba..   X,  ncn  pn.trin   X.  ami.in   X,  amide 
X   aii.l   'Mv>t"'   X'    ill    th.'   leaves  of  tlu'   uatreate.l   tre(>    {no.   K   22). 

of  fi..s  12  and  :;.  The  analytical  i-esnlts  are  liiviMi  in  table  III.  The  most 
stiikin-  differeiH'es  are  in  the  total  water-sohi])le  nitro-en,  the  non-protcm 
„it,,,..,n,  the  amino  nitrooen,  and  the  -rest"  nitrooen.  The  effect  ol  the 
sec(md  application  of  XaXO,  (m  June  S  results  in  a  lar-e  increase  ol  total 
water-soluble  and  non-protein  nitro-en.  Thus,  in  the  treated  tree  the  in- 
crease in  concentration  (as  indicat.Ml  by  the  fresh  wei-ht  results)  ol  watcM-- 
soluble  \  and  non-prot<'in  X  from  dune  11  to  duly  Ki  ammints  to  4.1  and  1(, 
])er  cent  respect ivelv,  ])Ut  <luiin-  th.>  same  i)eriod  the  total  water-soluble 
an,l  non-pn.tein  uitroi-en  of  the  leaves  of  the  untreated  tree  show  an  uu-rease 
of  onlv  (;  and  S  per  cent..  resp,>ctively.  The  earlier  in  vest  ,.n1  urns  show  a 
similar  fluctuation,  occurring  however,  a  month  later.     That  the  increase  at 
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this  period  in  the  untreated  tree  ean  be  due  soU'ly  to  increased  nitrification 
of  the  soil  is  quite  clear,  for  fi^?.  4  shows  tliat  the  one  year  (192:5)  branch 
growth  increases  in  total  water-soluble  nitrog-en  also. 

The  course  followed  by  the  aniiiu)  and  amide  nitro<^en  in  the  leaves  caUs 
for  no  special  comment.  The  curves  are  similar  to  those  described  in  the 
earlier  invest ig'ations  (7).  It  is  to  be  noted  that  they  are  mucii  hio:her  in 
the  fertilized  tree  as  a  residt   of  the  XaXO,  treatment. 

'fli,.  "rcsr"  nilro^eti  e(>in|>iMiiid-^  represent,  both  in  jdisolutf  niiiii'nil  iide 
jind  in  theii-  metnholie  «:'\r;i1  ions.  ;in  extremely  iniix-rtant  <^r<)n(i  in  that  the 
evidence  indicates  that  these  unclassified  conipnnnds  i'oi-m  an  imnnrtant  link 
i,i  til,.  (|coT;i,l;)1i()n  (>t'  proteitis  I  7  i .  The  il  in- hi  at  ions  nl'  this  fra-'t  ieii  in  the 
two  trees  shdw  more  I'emarkahle  dilTei-ences  than  any  of  the  other  Fractions. 
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Fio.  4.     Total  water-soluble  N,  water-soluble  protein  N,  r.on-proteinN    annuo  X,  amide 
X  and  -rest"  X  in  the  one  year   ( li.i::; )  ^branch  -rowth  ol  the 

untreated   tree    (no.   E-Ull). 

The  positive  slope  of  1l.e  "res,"  .i.ro.en  cm-vc  in  f...  3  if:^^^^^^^^^ 
calion  0,:  nitrate  to  tbe  treated  tree  on  .Tune  8  ,s  a  ?'--"-;' 
onlv:  the  leaves  oC  the  untreated  tree  do  not  show  it     It  is  ^^'^^'^}^^l 
to  isolate  and  i.lentily  some  of  these  nnelass.fied  n,  roge„  -"^  '-™1;.;=^  «2: 

The  eonelnsions  drawn  in  the  earlier  invest, , at ,ons  are,  "'^^^^^^^^^^ 
m-mcd  in  this  investigation;  and  it  will,  therefore  be  ^^^-''^^'^  *"/   ^^ 
thorn  in  detail  a.ain.     The  visual  presentation  ^'>-  '^-"^,  °'^f;^  . ^V  r  es 
shows  very  elearly  the  differenees  between  the  <'->*-,  ""^.^^l^f'^i":, 
The  intluenee  of  the  sodiutn  nitrate  a.ld.fon  ^^^  l'%^''';XMZ<i 
on  the  one  vear  (1923)  braneh  growth  of  tree  no.  E-20  on  Apnl  20 
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June  8  is  very  marked.  From  a  comparison  of  tlic  eyele  curves  (fi^-s.  4  and 
5)  it  is  readily  seen  tliat  the  period  of  absorption  is  characterized  by  a 
marked  increase  in  the  total  water-soluble  and  the  non-pi'otein  nitro^ren  with 
concomitant  increases  in  the  amino,  amide  and  basic  nitt'ogen  of  tree  E-20 
(treated)  in  c(mi])arison  with  tree  p]-22  (untreated). 

On  April  21  the  ])ercenfa*i:es  of  total  water-soluble  nitrotj^en  in  the  one 
year  (192:))  bi'ancli  i»-r()\v!li  ot'triM's  K-Ii)  divaled)  nnd  E  22  (unlrcato.l- 
.'ire  0.()4():l  and  ().nr>2()  |k>i"  (M-nt.,  rcspcci i\cly.  but  tlnvc  wccl^s  later  \\[o 
(luantities  ])rcscnt  afcO.OTS!)  and  O.O^JS.")  pcrceiil.,  I'cspcct ivcly  an  increase 
()!"  8-")  pel'  cent,  and  a  dccrrasc  of  ')()  per  crwi..  r(:s])Vrii\i'\y.  A!4ain,  at  the 
last   sanipliivj:,  XoNcnibcr  11,  tree  no.    !v  20    ( t  i-<'at<'(r)   lias  ().{)8r)2   percent,, 
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but  tree  no.  E-22  (untreated)  has  only  0.0432  per  cent,  of  water-soluble 
iiitroi>:en.  The  non-protein  nitrogen  results  of  the  ti'ees  parallel  these  fig- 
ures, "ri>.,  0.0380  and  0.0381)  per  cent,  on  A])ril  21  and  0.0429  and  O.O:]?.")  per 
cent,  three  weeks  later. 

Tlie  m(.no-ainino  and  amide  niti-no^n  curves,  too,  ai*e  interest in<>'.  Up  to 
Mav  10  (al)out  three  weeks  after  the  first  application  of  NaXO,,  to  E~-20) 
tlic  eiii'vcs  for  amino  X  show  littU^  differences  in  the  two  trees.  About  this 
'\()\\i'\r]\  the  ninnii-aiiiinii  and  amide  nitiMxjen  lie-jin  to  increase 
''i,.  treate(l  tree.  Tlie  same  plienomena  ai'c  obserxcd  after  the 
application  of  XaXO.  on  dune  S.  As  alread\"  p()inte<i  out,  at  this 
lini,'  ,,r  the  year  ah,sori»1  i(/n  of  the  XaXO.,  and  its  l  ransformat  ion  to  .\II  . 
(  '( ).\'  i  I  ,  groups  is  more  rapid,  lor  t  lie  (dVect  is  not  ieeabie  in  the  Iea\es5, 
one  year  ])rancli    i^n'owth   and   new   -zfowth   within   ten   days  of  the   second 

application. 

The  im4)ortanco  of  ibe  ''rest"  nitroy-en  comi)ounds  both  in  magnitude 
and  in  their  mcdabolic  <,n'rations  is  a<»ain  clearly  indicated  in  the  one  year 
(lilL^:'))  branch  ^'ro^•1h.  Their  si<:niticanee  is  more  or  less  a  mystery,  but  an 
inspection  of  the  ,urai)hs  will  readily  confirm  the  conclusions  ])i'eviously 
(li'awii  (7)  whei-e  it  was  suggested  that  they  nuist  take  part  in  the  degrada- 
tion ol'  ])roteins. 

Tin:  PAHTiTiox  of  NrrHoiiKX  ix  tin:  nkw  (1924)  bkan(M[  (avM:)\VTiL— The 
differences  in  the  niti-ogcii  ])artition  in  the  new  (1924)  branch  growth  are 
more  mai-ked  than  in  the  one  year  (192:J)  branch  growth.  The  behavior  of 
the  treated  tree  (  K-20 )  with  res])e(d  to  the  total  water-soluble  and  non- 
protein uiti'ogen  cxcle  coi'ivsponds  to  the  restdts  obtained  in  the  cai'lier 
investigations  (7).  The  nmin  ])oiid  of  interest  is  the  steep  positive  slope  as 
shown  in  fig.  7,  about  a  week  after  the  second  ap])lication  of  XaNO.,  (June 
81,  and  the  very  lai'ge  incivase  again  in  these  constituents  during  the  fall 

storage^  of  nit  rogen. 

A  complete  iider|>retation  of  the  total  water-solubh>  and  non-])i-otein 
niti'ogen  cycles  (fig.  (ii  of  the  uidreated  t I'ee  is  more  difficult.  It  is  ai)])ar- 
cnt  that  the  concent  I'at  ions  of  introg(Mi  in  both  fi-actions  are  much  lower  in 
the  check  five  than  in  the  nitrogen  tivrded  tree  and  that  thes(^  differences 
are  associated  with  diffei-ences  in  vigor. 

The  mouo-amino  acid  and  amide  nitrogen  cycles  in  the  new  (1924) 
branch  gi-owth  of  the  two  trees  show  the  chara(derist  ic  differences  already 
nhscrved  in  the  one  y(>ai'  (1922.)  branch  growth,  (.</.,  the  effect  of  the  secoml 
application  of  XaXO,,  on  dune  8  to  tree  b:-20  is  veiy  evident  from  the 
marked  increase  in  amino  X  and  the  ''rest"  X  compounds.  The  large  stor- 
niro  as  amide  X  in  the  new  l)ranch  growth  as  a  result  of  fertilization  is  veiw 
marked:  thus,  on  X')V(>nd)er  11  the  annde  nitroo-en  in  Iv  20  is  0  0201  ])er 
font,  and  0.0;j:)0  per  cent.,  but  in  E-22  only  0.0087  per  cent,  and  0.0180  per 


t 


I     ! 


^1 


268 


PLANT   PHYSIOLOGY 


09 


0.6 


07 


u 
O 

o 

0:05 


1- 
z 

u 

UJ 

a 


04 


Si 

a 


s 

I 

< 


i2 


0,3 


0'^ 


01 


1.9 


18 


1.7  £ 
O 

I 

c 
15   O 

o 

II  !o 


:0 


UJ 

o 


-;o^ 


WsiSt^^kb^"^/.^^ 


104 


Oi 


02 


-     Z2l  Control 


.j_j_ 


K        2128 
APRIL 


l3Z2i     II  i       16       I  Z8;  \7  1      II       T 

MAY    I  JUNE    '  JULY    |    AUG,  j  5EPT  J   OCT  J    NOV_-J„^, 


II 


Fi(i.  G.     Total  water-soluble  N,  watcr-solul.lc  protein  N,  non-protein  N,  amino  X,  aniule 
N  an<l  ''rest"  N  in  the  new   (]924)   })ran('h  growth  of  the 
untreated  tree   (no.  E-2L'). 

• 

cent,  on  tlic  frosli  and  moisture  free  basis,  respeetively,  and  the  mono-ammo 
N  0.0281  ])er  cent,  and  0.0490  per  cent,  and  0.007;>  per  cent,  and  0.0150  per 
cent,  on  the  fresli  and  moisture  free  basis,  respectively. 

Summary  and  conclusions 
These  studies  ai'C  an  extension  ol'  tlie  ])artiti()n  invest i^rat ions  reported  m 
the  third  ])a])er  oi'  the  series  (7)  to  two  Stayman  Winesa])  ti'ees  of  the  same 
a^e,  growin<j:  on  sod  in  a  homogenous  soil.  One  of  these  trees  was  fertilized 
with  NaNO,.  and  the  other  left  unfei-tilized.  In  «roneral,  the  i)resent  findings 
confirm  the  conclusions  drawn  from  the  previous  studies. 
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The  present  investi<j^ations  have  shown  that : 

1  The  total  nitro^nni  of  the  leaves  and  shoot  grow^th  vary  witli  growth. 

During-  the  early  i?rowth  of  spring?  the  demand  of  the  young  shoots 
upon  t'he  nitrogen  of  the  one  year  (1923)  branch  growth  is  very 
marked.    This  is  especially  shown  in  the  untreated  tree,  E-22. 

2  The  effect  of  the  two  lO-pound  applications  of  sodium  niti-ate  on  Aprd 

'>0,  1!)24.  and  -lun<"  S,   1924.  on  the  total  nilrouvn  content   of  the  two 

1  recs  iii.'i>   Ix'  1  hus  siiiiinin  r!/.«'<l  : 

'-h,,  i/,t;il  nitrouvii  content  oi  tlir  one  .wnr  '  192:>,i  brnncli  uTowth  of 
11h>  |,.fti!l/r.l  tivc  rioni  llie  i^Tiud  of  full  ])!ooiu  to  th(^  end  of 
Seplrnil,)er  inen^ascd    10   \nv  .•ent..  I.ut    llie  total  niti'ogen   of  the 
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Total  water-soluLle  XrvNater^oluble  ].rot.Mn  N.  non-protein  N.  amino  X,  amide 
X  and  ''rest"  X  in  the  new   (1924)   branch  -rowth  ot   the 

treated  tree  (no.  E-20). 
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one  year  (1923)  branch  growth  of  the  unfeililized  tree  decreased 
35  i)cr  cent,  during  this  period. 

(b)  From  June  11  to  November  11  the  total  nitrogen  of  the  new  growth 
of  the  treated  tree  (E-20)  decreased  40  per  cent.,  but  that  of  the 
untreated  tree  (E-22)  decreased  57  per  cent. 

(c)  Tlie  leaves  of  the  untreated  tree  are  consistently  k)wer  than  in  tlie 
treated  tree. 

.V  inuch  lower  piniic  ol'  nit  i'ml^ch  met abolisni  is  llms  indicah'd  in  tl^. 
nil  iVrt  iii/cfi  t  rcc. 

Tlic  jicriotl  ()!'  niosl  I'apid  ;il)s()!-|it  ion  of  the  X(),  ion  is  eh;)  fnctcrizcd  1)\  ;i 
I;i  I'Li'e  iiici'ciisc  in  1  lie  tot ;il  w  ;it cr  solnblc  ;ini  i  non-prolcin  nit  roue n.  ruii- 
condtnnt  with  which  tluTc  is  ;in  inci'casc  in  the  nniino,  aniidc,  basic, 
and  "rest''  nitrogen  fractions  of  the  fertilized  as  coni])ai'ed  with  the 
unfertilized  tree  in  the  leaves,  the  one  year  ( 11)23)  branch  growth  and 
the  new  (1924)  branch  growth. 

4.  From  the  course  of  the  cui'ves  foi*  total  water-s()lu])le  and  non-protein 

introgen  or  amino  X  of  the  fertilized  as  compared  with  tlie  uirfei-tilized 
tree,  it  can  be  deduced  that  the  first  ap])lication  of  sodium  nitiatc  on 
A])ril  20  took  three  weeks  to  reach  the  ouv  year  branches.  The  same 
curves  sliow  that  the  absor])tion  and  translocation  of  the  NO.,  ions  of 
the  second  application  on  June  G  is  much  more  i'ai)id,  taking  about 
one  week  only  to  get  to  the  mo]-e  metabolically  active  ])arts  of  the  tree. 

5.  The  total  water-solu])le  nitrogen  and  non-i)rotein  niti'ogcn   is  decidedly 

higher  in  the  metabolically  active  parts  of  the  treated  ti'ce  as  compared 
with  the  untreated  ti'ee  throughout  the  whole  c\(de.  These  diflVi'cnees 
corres])ond  with  the  relative  vigor  of  the  t  I'ces  and  must  be  associated 
with  differences  in  enzvmatic  activit\'.  Taken  in  con  junction  with  the 
close  ])arallelism  of  the  amim^acid  fraction  with  the  total  water-voluhle 
and  non-])rotein  fractions  (7),  these  findings  suggest  a  ])ossible  sim- 
plification of  the  nitrogen  distri])Ution  pr(d)lem  in  ])ractical  horti- 
culture. 

Terminal  growth  was  decid(>dly  gi-eatt^r  in  the  tVrtilized  than  in  the 
unfertilized  tree. 

Nitrogen  is  stored  in  the  fall  as  amide  X  and  as  "  i-est  "  \  comi)()Uiids. 
The  s,torau'(^  of  these  comj)onn(ls  is  nnndi  higher  in  the  treated  tree  tlnn 
in  tlie  unti-eated  tree.  This  fa(d  is  of  exti'eme  iin|)ortance  in  connec- 
tion with  the  (iemands  of  tlu'  yonniz'  shoots  in  the  sprini:'.  This  is  true 
of  l)(dh  the  one  yeai-  fl!)2;))  hraiudi  growth  and  the  new  fl!>21)  hi'aiich 
growth. 

The  "rest"  nitrogcm  compounds  form  an  important  connecting  link  in 
the  synthesis  and  degradation  of  proteins. 
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THE  SEAT  OF  FORMATION   OF  AMINO 
ACIDS  IN  PYRUS  MALUS  L-i 

Ai/m<)r<;H  it  has  Ixieti  estahlisluMl  that  nitrates  can 
))(?    reduced    to    nitrites    in    tlie    roots    and    .stems    oi' 
plants,   the   ])ossihility   tliat   the  nnluction   of   nitrites 
to  form  a-amino  acids  as  an  intermediate  staue  in  the 
synthesis  of  prot.eins  in   j;iant-  coidd   also  tak(>  ])lar(^ 
in  the  cells  of  the  roots  and  stems  has  not  j^^enerally 
been  accepted.     PJmmerling-  indicated  that  in  certain 
soils  amino  acids  might  be  formed  from  nitrates  in 
the  roots  and  stems  of  some  plants.     However,  Sachs 
(1865),     Sorokin     (1870),     Pagnourd     (1879)     and 
Schimper"^      (1885)      supported     the     photochemical 
theory  of  the  formation  of  amino  acids  and  proteins. 
They  considered  the  chloroplast  of  the  cells  of  the 
leaves  maintained  with  a  continuous  supply  of  car- 
bohydrates  as   being  specially  adapted   to   carry   on 
the  synthesis  of  proteins  from  ammonium  salts  and 
nitrates   supplied   to    them   by   the   conducting   cells. 
Moreover,  the  rapid  consumption  of  nitrates  in  the 
leaves  is  offered  as  the  reason  for  the  lower  nitrate 
content  in  these  tissues  than  in  the  roots  and  stems 
of  some  plants. 

This  view  that  the  synthesis  of  amino  acids  can 
take  place  in  the  leaves  only  has  been  especially  em- 

1  Published  by  permission  of  the  Director  of  the  Agri- 
cultural Experiment  Station  as  Technical  Paper  No.  425. 
Contribution  No.  28  of  the  Department  of  Agricultural 
and  Biological  Chemistry. 

2  Emraerling,  A.,  numerous  papers  in  Landw.  Ver.  Stat. 
(1880-1898). 

3  See  Czapek,  F.,  Biochem.  der  Pflanzen  2 :  pp.  296-301 

(1920)  for  a  r6sum6. 


phasized  more  recently  by  Baly  and  his  colleagues* 
from  their  experiments  on  the  reduction  of  nitrates 
in  vitro.     It  is  maintained  by  these  investigators  that 


the  activated  formaldehvde  H  •  C' 


H 


produced  pho- 


tosyndiotically  in  the  livintr  chlorophist  cells  reacts 
uj)(»n  the  Hrst  jtroduct  of  reduction  (the  nitrous  iicid 
salt- -KNO., )  giving  rise  U)  formhydroxamic  acid 
11— C --Oil 

I  ,   tlie   i'oi-jnation  of   which   was  first   estah- 

NII 
lished  by  Baudisch"'  by  exposing  a  solution  KNO^, 
and  methyl  alcohol  to  ultra-violet  light.  This  latter 
is  assumed  bv  Ralv  and  his  colleflpnie.s  to  react  with 
another  molecule  of  activated  formaldehyde,  giving 
rise  to  numerous  nitrogen  compounds  such  as,  for 
example,  the  a-amino  acid — glycine.  It  follows,  they 
claim,  that  the  synthesis  of  nitrogen  compounds  miist 
be  restricted  to  the  leaves.  Although  these  papers 
have  attracted  considerable  attention,  plant  physiolo- 
gists have  necessarily  been  cautious  in  accepting  the 
conclusions  drawn. 

Thus,  Dr.  Eckerson*^'  has  shown  that  the  hypothesis 
propounded  by  Baly  et  al  that  nitrates  are  reduced 
in  the  light  by  activated  formaldehyde  in  green  leaves 
is  inapplicable  to  the  results  of  her  experiments  on 
tomato  plants  having  a  high  C :  N  ratio,  since,  in 
this  case,  when  nitrates  are  fed,  it  is  the  fructose  and 
glucose  that  are  oxidized,  accompanied  by  an  hy- 
drolysis of  starch  as  the  hexoses  are  used  up  in  the 
formation  of  amino  acids  and  a  portion  possibly  in 

*  Baly,  E.  C,  Heilbron,  I.  M.,  and  Hudson,  D.  P.,  J. 
Chem.  Soc.  (Lond.)   121:  pp.  1078-1088   (1922). 

5  Baudisch,  Oskar,  Bor.  der  Deut.  Chem.  Ges.  44:  pj». 
1009-1013  (1911). 

fiEckerson,  Sophia,  Bot.  Gaz.,  11-.  pp.  377-390  (1924). 
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increased  respiration.  Suzuki^  also  obtained  strong 
nitrate  tests  with  barley  plants  fed  nitrate  only,  the 
nitrate  disappearing  when  sugar  was  added.  The 
nature  of  the  active  material  is  unknown.  Ander- 
son«  has  postulated  the  presence  of  a  reducing  sub- 
stance resembling  the  atile  of    Haas  and    Hill.'* 

During  the  inve>t  igntion-  of  the  writer,  ext<'nd!ng 
over  tlie  past  four  ye^irs.  on  the  nitrogen  Fnetaholisni 
of  I'yrus  Malus,  in  whieh  the  partition  of  nitrogen 
lias  been  studie*!  in  th(^  various  pr.rts  t lii-ough<Hit,  a 
year's  cycle,  i)ositive  tests  were  found  for  nitrates 
(or  nitrites)  in  one  tissue  only  and  this  at  just  one 
period  of  the  year,  viz.,  in  the  leaf  buds  just  as  they 

were  upeUiii^.       xmo    vvuTxy    vvi4,o  Li*^x.c^.   .  ^^      .-  — 

and  seedling  apple  trees  receiving  heavy  applications 
of  sodium  nitrate  at  regular  intervals  throughout  the 
vegetative  period,  by  means  of  microchemical  tests 
on  sections  of  the  leaves,  tips  of  stems  and  one  and 
two-year  old  branches  with  diphenylamine  reagent,"^" 
''G"  salt,^^  and  the  Griess-Ilosvay  Reagent,i'^  and 
also  numerous  quantitative  tests^^.  13.  i4  ^^^  both  the 
dialyzed  and  undialy/.ed  sap,  preserved  under  toluene, 
and  on  aqucK)us  alcoholic  extracts  of  various  tissues 
during  the  vegetative  cycle.  The  fine  roots  gave 
nitrate  reactions  throughout  the  season;   whereas   in 

7  Suzuki,  U.,  Bull.  Coll.  Agr.  Imp.  Univ.  Tokyo  3:   pp. 
488-507  (1898). 

8  Anderson,  V.  L.,  Ann.  Bot,  38:  pp.  (599-706   (1924). 

9  Haas,  P.,  and  Hill,  T.  G.,  Biochcm.  J.,  17:   pp.  671- 
682   (1923). 

10  Eckerson,  Sophia  (loc.  cit.,  see  p.  379). 

11  Nixon,  T.  G.,  Chem.  News,  126:  p.  261  (1923). 

12  Withers,  W.  A.,  Ray,  B.  J.,  J.  Am.  Chem.  Soc..  33: 

p.  708  (1911). 

i3Strowd,  W.  H.,  Soil  Sci.,  10:  pp.  333-342   (1920). 
14  Gallagher,  P.  II.,  J.  Agr.  Sci.,  13:  pp.  61-63  (1923). 


the  main  roots  the  reaction  was  much  feebler  and, 
as  already  stated,  the  tests  were  negative  in  the 
aerial  parts  except  in  the  buds  as  they  were  opening. 
Correspondingly,  quantitative  tests  for  amino  acids 
wore  always   liigher   in   the   roots   than   in   the  aerial 

These  results  nn^  in  accord  with  the  recent  work 
,,r  Dr.  iM'kei-soii,^"'  who  found  that  the  reducing 
])ower  of  extracts  from  various  parts  of  apple  trees 
(H)llect(Kl  last  September  and  November  showed  de 
cided  differences.  The  fine  roots  were  very  high  in 
reducing  activity,  the  buds  less  active  and  the  bark 
,.f  f!»..f  nr^f}  cA^nnrl  vp.»v  twicrc;  had  verv  little  reducing 

power. 

From   the   foregoing,    it    can   scarcely   be   doubted 
that  in  this  species  the  reduction  of  nitrates  to  amino 
acids   takes   place   for   the   most   part,   in   the  roots. 
Although   experiments  in  vitro  may  be  valuable  in 
suggesting  t^-pes  of  reactions  that  may  occur  in  the 
cells  of  plants  or  animals,  the  extension  of  the  re- 
sults  of   such   experiments   as   indicating   the  actual 
conditions   existing  to   the  processes   vn  vivo   should 
be  made  with  caution.     The  internal  conditions  ex- 
isting in  the  plant  at  any  one  time  may  bring  about 
unlike  chemical  reactions  to  accomplish  the  synthesis 
of  a-amino  acids  and  the  different  plant  species  may 
not  carry  out  these  syntheses  in  the  same  way.    These 
investigations  do  not  throw  any  light  on  the  mecha- 
nism of  the  formation  of  amino  acids  in  this  plant  and 
any  suggestions  offered  at  present  would  be  purely 

hypothetical. 

Walter  Thomas 

Depaiitment  of  Agricultural 
AND  Biological  Chemistry, 
Pennsyt.vania  State  College 

15  Eckerson,  Sophia.     Private  communication. 
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THE  FEED  EATEN  AND  Ob  TMHJ  Mli.K  ftiuuv^ihu^ 

,  «  T  llECHDEi.  Dvpartmvnt  of  Dairi/  Unshaudnj,  and  IIanaaii  K.  IIo.ne 
ssnA^'.  l^nxtrtmiuf  of  AtjricuUurul  and  Biohxjical  Chnni^tnj,  the  rninsi 
ranUi  ^7r//t'  College' 

INTRODUCTION 

It  ha^  beon  clcarlv  demonstrtitiMl  by  'mv('sti«.mt(»rs  in  En<zlaiul 
1/  i)-  and  Ani('rica"(^'^.  7,  .s'.  fK  10)  that  the  dooiw  ..f  potency  of 
vinunins  A  and  C  in  milk  is  lar-cly  d('i)('nd<'nt  on  th.'  diol  <.t  tlu^  (•(»\v. 
The  <nvat(>r  par!  of  tin'  cvidcn.v  lia-^  bc-n  ol.tamrd  li-.-in  .•..mpiin- 
.,,11- of  milk  pi'odiKvd  on  summer  pasture  with  milk  iToihiee.l  (,n  the 
umial  wintei-  ration.  eon>istino-  of  silaiic,  liiain.  and  hay. 

It    woidd    ajipcar    rea-onnble    to    expect    al.M.    th;il    the    Ml:imi!i     !> 
.rrowth-prom()tin<r  factor  in  milk  Nvoidd  he  de|.<'iidcni   on  the  .h,<|t   oi 
Uie  cow.     Evidence  obtained  l»v  several   inve>t i<rator^  doe>  not   hear 
out  such  assum])ti()n  in  all  instances.    Osboine  and  :\lendel  (//)  have 
reported  tliat  from  the  standpoint  of  vitamin  \\  potency  nulk  from 
pasture-fed  cows  was  not  superior  to  that  from  cows  receivin-  umtcr 
rations      Later    investi^ralions    were    conducted    by    Kennedy    and 
Dutcher  (JO).  Hu^rhes,  Fitch,  and  Cave  (.9),  who  concluded  that  the 
presence  of  vitamin  I^   in  milk  was  dependent  on  the   ])resence  of 
this  factor  in  the  diet  of  the  cow.     More  recently  Hart    (6')  has  ex- 
pressed the  opinion  that  milk  produced  by  cows  on   pasture  is  no 
richer  in  vitamin  B  than  that  from  cows  fed  the  usual  winter  ration 
of  ^rain,  hav,  and  silajre.     It  has  also  been  reported  that   it  is  not 
possible  thro\i<rh  the  feedino-  of  excessive  quantities  of  wheat  .irerm 
to  increase  the  vitamin  B  content  of  cow's  milk   (/J,  p.  JS).     Just 
recently  Bechdel,  Eckles,  and  Palmer   (?)   concluded  tliat  the  feed- 
in^rof"cows  on  a  ration  deficient  in  vitamin  1^  sli<.ditly  reduced  the 
viramin  B  content  of  the  milk.     As  the  ration  fed  the  cows  used  in 
this  investi<:^ation  was  unpalatable  and   was  not  eaten   in   amounts 
sufficient  for  satisfactory  nutrition,  the  authors  were  reluctant  to  con- 
sider the  results  as  bein<;  hi<rhly  si<i^niticant. 

For  the  past  three  years  one  of  the  authors  has  been  m  charge 
of  an  investigation  to  determine  the  vitamin  B  requirements  of 
calves.  Conclusive  evidence  has  been  obtained  to  show  that  a  calf 
will  (jrow  normally  to  maturity,  and  produce  normal  offspring  on 
a  ration  that  carries  an  insullicient  amount  of  vitamin  B  to  sup- 
port frrowth  and  well-being  in  rats  {.J).  Since  the  animals  used  in 
these  investigations  had  been  fed  on  such  a  ration  for  over  two 
years  at  the  time  of  freshening,  an  excellent  opportunity  was  afforded 

'  Rec.ived  for  publication  Mav  21.  1027  :  Issu.d  S<'pt<MTil)Pr,  1027.  Published  by  permission 
<if  lhf>  Director  of  the  I'ennsyivnnla  Ai,'ririiltural  ExiK'riiiient  Station  as  lecbiiu-al  1  ai>er 
N"^.  42i<  of  the   .lournal    Series.  ,    ,    ,    ,        ,    •  •      .» 

*The  authors  wish  to  acknowledge  thoir  appreciation  of  tlie  helpful  advice  reeeivca 
from  Prof.  R.  A.  Dutcher  in  planning  and  carry in^  out   tlie  exj>eriiii<>nt. 

'Reference  is  made  bv  number  (italic)   to  "  Literatiuv  cit<>d."  p.  2S7. 
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for  a  study  of  the  vitamin  B  content  of  milk  which  was  produced 
on  a  ralion  deilnitely  known  to  be  deficient  in  vitamin  B. 

In  all  of  the  investi<:!^ations  previously  carried  out  as  cited  above, 
the  vitamin  r>  content  of  the  ration  fed  to  the  cows  was  not  defi! 
nitely  determined  through  rat-feedin^^  trials.  Furthermore,  in  ti 
previous  investiL^ations,  the  deficient  ration  was  not  fed  for  such  a 
prolon<red  period  of  time  before  the  cows  began  producing  milk. 

EXPERIMENTAL  PROCEDURE 

Tlie  object  of  the  i)resent  study  was  to  determine  through  hibora. 
tory  feeding  trials  with  rats,  the  vitamin  V>  potency  of  milk  pro 
diK-ed  by  \\\vvv  cd'  the  \itamin  H  gcowth  <'.\))eriniental  animals  (.'i 
Nos.  \U'^^.  1  ir,!).  and  IITO.  Two  of  these  cows,  Nos.  I IGD  and  li;i 
had  r('C('i\(M|  the  I'ation  deficient  in  vitamin  B  (ft)und  so  \)y  II  rat. 
feeding  trials)  t hroiigliont  their  growth  and  I'eproductive  camiy 
a  jicriod  (d'  about  T')()  days.  The  othei-  cow,  No.  lll'»8,  had  receive 
a  \itaniin  \\  Mipplcnicnl  to  her  ralion  b)r  a  part  id  the  time  dumij 
her  growth  period  (J,  y>.  J^^-'i).  Continued  feeding  of  this  vitamii 
V>  su])])lement  (marmite  yeast)  was  found  unnecessary  for  gimtl 
and  well-being,  and  it  was  dro})ped  from  the  ration  almost  300  day? 
before  she  freshened. 

Animal  No.  lUV,)  freshened  December  18,  1925,  and  No.  1168 i 
week  later.  Two  weeks  after  the  latter  had  freshened,  about  K 
quarts  of  her  milk  and  30  cpiarts  from  No.  1109  were  saved  fim 
4  successive  milkings  for  the  experiments.  The  milk  from  thest 
heifei's  was  mixed,  i)oured  in  sterile  containers,  sealed,  and  froM 
solid.  A  nd'rigerator  maintained  at  about  10°  F.  below  zero  wg; 
used  for  storing  the  milk  until  it  was  needed  for  experimental 
feeding. 

The  niilk  was  all  collected  at  one  time  for  the  reason  that  thert 
was  some  doubt  as  to  whether  the  heifers  would  be  able  to  lactalt 
on  the  expcM'imental  ration  for  any  great  length  of  time.  It  w 
fortunate  that  such  juo vision  was  made,  since  it  developed  a  fev 
days  later  that  the  exi)erimental  ration  was  inadequate  to  meet  tbt 
heavy  demands  of  lactation.  Subsecpient  investigations,  the  detail" 
of  which  will  be  submitted  in  a  later  paper,  established  definiit 
proof  tliat  the  ai)parent  deficiency  was  not  due  to  an  inadequate 
supi)ly  of  vitamin  I^.  Sinc<'  vitamin  B  storage  has  not  been  fouK 
in  other  sj)ecies  (/->').  it  would  have  l)een  very  interesting  to  studj 
tliis  jdiase  of  the  ])robU'm  on  cattle.  The  authors  appreciated,  ho« 
ever,  that  the  possibility  of  vitamin  B  storage  in  these  heifers  wi: 
almost  negligible,  and  also  that  the  fact  that  the  milk  was  obtained 
early  in  lactation  would  not  materially  depreciate  the  value  of  tk 
data. 

Animal  No.  IITO  freshened  February  (>.  192G,  after  it  had  beei 
fed  the  deficient  ration  TTG  days.  Her  milk  was  sampled  and  storK 
for  exi)erimental  feeding  as  described  above. 

The  exj)ei-imental  i-ation  fed  to  the  heifers  was  made  up  of  driec 
isugaT'd>c.et  l)ulp  as  the  sole  source  of  roughage  and  the  followiK 
<"oncentrates:  Coin  iduten.  peai'led  hominy  from  white  corn,  ])olisliK 
rice^    coinslarch,    inqx^rted    casein    (Argentine),    cane    sugar,   bout 


jneal,  and  a  mineral  mixture.     Cod-liver  oil  was  fed  daily  to  supply 

^fkb^alr;  m^  previously  employed  for  vitamin  studies 

Jnut  tr  and  his  associates  (/,)  were  used  m  tins  investigation.     A 
\.mnV.  free  basal  ration  (^,  />•  ;AVJ)  was  fed  in  connec  ion  w  th 
^tl  miV  a-  the  sole  source  of   vitamin  B  supply.     Twelve   cubic 
'  ntim    ers  of  milk  from  cows  receiving  good  winter  rations  when 
fn  n  thTs  wav  had  been  found  necessary  to  supj.ort  normal  growtli. 
tI  ex  eHm;nts  were  planned,  therefore,  with  fivc^  groups  ot  rats  m 
!1    to  St  id^  dailv  allowances  per  rat  of  S,  10,  12,  IG    and  20  c.  c. 
nil        Twelve  rats  were  allotted  to  each  group  at  t^^^^.f -i^^'"^^.^.^; 
experiment,  and  tlie  mixed  milk  from  cows  Nos.  11(>S  and  11G9 
;V.  fV.l    o  them.      r>e<rinning  with  the  ninth  week  ot  Icedinir.  all  of 
^   tlM.ttlH-nM,p  allowed  :^nc.,.nrnnlk  <la,lv  were   icd   m,  k 

t'l.J/hoiiVr  No.  UTn.  a<  the  remainin-  Hipplv  iron,  the  other  heiiei^ 
,.nsinad<'(|!iMte  to  complete  the  experiment. 

T!,,  ,at'  were  pnt  on  experiment  at  an  averaiie  a-e  ot  -I  la\^. 
Ti  av!U-nitialwe,ght\va-:iTgn^  In  all  of  .  he  work  ind.  vid- 
'  ca-es  wiHi  screen  lH,ttoms  (:;  meshes  to  1  inch)  were  used  a  prac- 
;ce;^liich  has  been  riiridly  carried  out  in  this  laboratorv  for  ovei 
Z^y!L'..  lo.line  was  fed  in  the  drinking  water  The  mdk  was  fed 
in  a  container  separate  from  the  l)asal  ration,  and  two  drop,  oi  cod- 
In^  oil  were  added  to  the  milk  daily  to  insure  an  adequate  supply 
of  vitamins  A  and  I). 

DISCUSSION 

The  ex])erimental  data  were  averaged  and  put  in  graphic  form 
a.presen  ed  in  Figure  1.  The  groups  fed  S  and  10  c  c.  of  milk 
(curve.  \  and  B)  deviate  markedly  from  the  normal.  None  of 
the  individual  rats  in  the  group  allowed  S  c.  c.  were  ^^^  "^ ^^ 
at  the  end  of  91  days  of  feeding,  although  every  individual  con- 
tinued to  gain  in  weight  during  the  entire  feeding  period,  himilar 
comiuent  mav  be  made  also  ccmcerning  the  grou])  allowed  10  (.  (  ot 
milk.  exce])t"that  one  individual  was  normal  in  si/e  at  the  end  ot 
the  experiment,  lliere  wfis  apparently  no  tendency  toward  patlio- 
lojrical  conditions  in  any  of  the  rats  of  the  two  groups  above  men- 
tioned or  of  the  groups  fed  larger  quantities  of  milk. 

The  group  receiving  12  c.  c.  of  milk  (curve  C  or  curve  II)  made 
much  better  irrowth  than  those  receiving  less.  Nine  rats,  ^i"  '  /qT 
cent  of  this  group,  were  of  normal  or  larger  size  at  the  end  ot  »^ 

(lavs  of  feeding.  ^^      ^^^^  .     ^    i 

When  the  feeding  of  milk  from  heifer  No.  11  iO  was  started  as 
mentioned  above,  an  additicmal  group  of  six  rats  was  put  on  an 
experiment  in  which  12  c.  c.  of  milk  was  added  to  tlu^  basal  ration. 
This  was  done  in  order  to  determine  whether  the  growth  ot  the 
Youni:,  more  rapidlv  growing  animals  would  indicate  any  di  terence 
m  the  milk  from  another  cow  on  the  same  diet.  No  detectable  (in- 
ferences in  the  growth  of  any  of  the  groups  of  rats  was  observed 
when  the  milk  was  changed.  However,  the  growth  of  the  additumai 
six  animals  conformed  closely  to  that  of  the  rats  from  the  same  stocic 


♦Dotails  coiHvminp   the   rati.m   iuul   UhhWxx^   t.xl.nic   mny   be   found  i..    the   .I<.mnal    of 
I'airy  Science   i .'.  /*.    ',n). 
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that  were  fed  by  Dutcher,  Francis,  and  Combs  (4)  on  12  c.  c.  of  ra» 
milk  from  the  college  herd.  For  convenience  of  study,  a  copy  o{ 
the  growth  curve  on  the  hitter  data  has  been  placed  on  the  chart 
(curve  F)  beside  those  of  the  two  groups  of  rats  fed  12  c.  c.  of  ra^ 
milk  in  this  exijeriment  (curves  G  and  H).  (Curve  F  copied  froir, 
Dutcher,  Francis,  and  Combs.) 

In  order  to  have  enough  animals  of  one  age  and  weight  to  stan 
the  five  groups  at  one  time,  the  rats  used  were  purchased  from  a 
supply  company.  It  so  hapi)ened  that  they  were  of  a  strain  of  a 
somewhat  lighter  weight  than  the  laboratory  stock.  It  is  entireH 
})rol)able  that  their  growth  (curve  H)  is  as  near  normal  for  tliei'r 
weight  as  that  of  tlie  P*'nnsly vaniii  State  Slock  (curve  (i).  Fnm; 
t!i('  (M'idcncc  jncsciitcd  by  this  additional  gi'oup   in  coiuicciion  \\\\' 
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Fig.  1. — Growth  curves.  Broken  lines  represent  normal  growth  of  rats.  Un- 
broken lines  represent  average  growth  of  groups  of  rats  fed  different  amounts 
of  the  experimental  milk  (excepting  curve  F,  as  indicated)  as  a  supplement  tu 
a  basal  ration 

that  of  the  original  12  rats,  it  is  apparent  that  12  c.  c.  of  milk  from 
cows  on  a  ration  deficient  in  vitamin  B  carried  as  much  vitamin  B 
as  12  c.  c.  of  milk  from  cows  receiving  good  winter  rations. 

The  groups  of  rats  allow^ed  IG  c.  c.  (curve  D)  and  20  c.  c.  (curve 
E)  of  milk  were  so  nearly  identical  that  the  experiment  with  the 
latter  was  discontinued  after  50  days  in  order  to  save  the  milk  for 
further  feeding.  Had  the  rats  in  these  groups  been  of  the  Penn 
sylvania  State  stock  their  grow^th  curve  would  no  doubt  have  been 
above  the  Donaldson  normal  curve  which  is  used  in  presenting  al' 
data  from  this  laboratory.  Furthermore,  had  the  Pennsylvania 
State  stock  been  used  in  the  groups  fed  8  and  10  c.  c.  of  milk,  the 
growth  curves  would  have  approached  more  closely  to  the  normal  I 

The  authors  have  for  some  time  been  conducting  experiments  to  [ 
determine  the  possible  synthesi.s  of  vitamin  B  by  bacterial  fermenta 
tions  in  the  rumen  of  the  digestive  tract,  as  mentioned  in  an  earlier 


(o\  Although  these  experiments  are  not  completed,  it  may 
be  saifl  a^*  t^^^^  writing  (April,  1927)  that  some  very  positive  evi- 
ience  has  been  obtained. 

SUMMARY 

This  investi^'-ation    was   conducted    to   determine    the    vitamin    B 
Jencv  of  milk  from  three  cows  that  were  fed   for  ovei-  two  years 
Whout   their   growth    period,   on    an   exi)erimenta     ration   that 
i^.^  (fecidedly  delicient  in  vitamin  B  growth  factor.      Ihe  milk  was 
I    to  rat<  as  a    supplement    to   a    vitamin-B-free   basal   ration  on 
evelsof  S.  10,  12.   10,  and  20  c.  c  per  rat  Iht  .lay.     i;he  vitamin  P> 
Ltrii.'V  (»!'  tlic  milk  wa^  found  .Miua!  to  (liat  ot  licrd  milk  inun  c-.ws 
;:,,,,p,vin'^  a  Li-oo.l   winUT  ration.      It    is  c(.ncli!.hMl   thai    vilaiinn    1>   'i; 
,,,;!)^  i^not  .lci)cn(lcnt  111)011  lli(>  prcH'Ucc  ,,f  this  Mtaiinn  m  the  ration 
.flheCow       It   would  api.cai-  that  cattle,  and  po^^^ihly  all  lainiinant^. 
\,lVr  ('n,ni  other   animal^   in    tlicir   ahiliiv   to   -r^.w    lo   maiiinty.   tn 
P,.odu(r  normal  ollspniig.  an. I   to  maintain   \ilam;n    11   m  ihc,r  mih: 
when  forced  to  subsist  on  rations  di^ticicnt   111  vilamin  I>.     11  this  is 
true  it  would  appear  that  ruminants  i)ossess  the  power  to  synthesize 
vitamin  B.     Experiments  are  in  progress  to  determine  whether  this 
vvnthesis  is  due  to  microorganisms  normally  picsnit  in  the  vumvii. 

LITERATURE  CITED 
il)  Barnes,  R.  10.,  and  Hume,  E.  M. 

1919     KCT  \TIVE    ANTI-SCORIU  TIC    VAI.VK    OF    IKKSH.    DKIKI)    AM)    HEATED    COW   b 

MiF-K.     BioclH'in.   Jour.   V.\:  8(H)  :r2S,   ilUis. 
(2)  Beciidei.,  S.  I.,  ECKLKS,  C.  H.,  and  Palmi-hi,  L.  S.  t^   •   ,.    qj,  ;    o  • 

192(».    THE    VITAMIN     B    KEQIIHEMENT    OF    THE    CALF.       .)oUr.     l^ail..      >C  1.    .1. 

401)-488,  illus.  ^     ^^ 

,H)  Dbummond,  J.  (\,  Channon,  II.  J..  Cowaiu.,  K.  II..  (Joidino.  .L.  -Mackin- 
tosh, .J.,  and  ZiLVA,  S.  S. 

1024     THE    INFLrEN(E    OF    THE    AD  MI  NISTKATloN     OF    CFHTAIN    (»II.S    ON    THE 
NrTUITIVE  VAI.TE  OF  THE  lUTTEIl  FAT  OF   COWS   ON    WINTEIt  RATIONS. 

Jour.  Asr.   Scl.    fEimland]    14:    l.vU  1-547.   illus. 

(4)  Dutcher,  R.  A..  Francis,  E.,  and  Combs,  W.  B. 

192G.    VITAMIN    STUDIES.       XIII.       ViiAMIN    H    IN    EVAl'OKATF.)    .MH,KS    M  VDK    in 

VACUUM   AND  AERATION  I'lWHEssEs.      JouT.  Dairv   S(a.  .) :   .,..»  .iS.. 

(5)  EcKEFs',  C.  11..  Daiii.e,  C.  I)..  Mead,  S.  W..  and  Schaiti-hi.  O.  i\. 

192(1.    VITAMINE    STUDIES.       VI.       THE    INFI.CKNCK    OF    DIKI"    OF    THE    COW     I  I'ON 
THE    NUTRinVE    AND     ANTISCORBUTIC     riU)l'ERTIKS     OF     COW  S     MILK. 

.Tour.   Biol.   Chem.   45:  WWXl.    illus. 

(6)  Hart,  E.  B.  „        ,. 

1924.    VITAMINS  IN    MILK   PRODUCED  ON   (atASS   VS.    W  UNTKIl   FEKDINO.       IKUiKU- 

Dairyman  (>7  :  \^^T^. 

(7)  Steenbock,  II.,  and  Ei.lis.  X.  It. 

1920.    INELUEN(  E  OF   DIET  ON    THE    \  N  I  1  SColUa  TIC    I'OTFNCV    OF    Mil  K.       .h'Ur. 

Biol.  (Mipm.  42:  ;is:i  3U().   illus. 

(8)  Hess,  A.  F.,  I'nger,  L.  J.,  and  Sli>im.ee,  (J.  ('. 

1920.  REL\TION    OF    FODDEll    TO   THE    A  NTI  S(  ORIU  TIC    !M)TEN(  Y     AND    SALl     CON- 
TENT OF  MILK.     Jour.    Biol.   (MioiiL  45:  229  285,   illus. 

19)  Hughes,  J.  S.,  Fitch,  J.  B..  and  Cave,  II.  W. 

1921.  the     quantitative    relation     between     the    VITAMINF     (ONTENT     oi 

i-T^rpn)  eaten  AND  MILK  I'RODi-cED.     Jour.  Bi«»l.  ('luau.  4(i :  1.     ( Amcr. 
Soc.  Biol.  Clu'in.   Froc.  15.) 
10)  Kennedy,  C.,  and  Dutcher,  K.  A. 

1922.  VITAMINE    studies.       IX.       THE    INFLUENCE    OF    THE    DIET    OF    THE    COW 
UPON    THE   QUANTITY   OF   VaTAMINES    A    AND    B   IN    THE    MILK.       JoUr. 

Bioi.  Chem.  50:  339-^359,   illus. 


288 


Journal  0/  Agricultural  Research 


Vol.  35,  No,, 


(11)  Osborne,  T.  B.,  and  Mendfx,  L.  B. 

1920.    MILK     AS     A     SOURCE     OF     WATER-SOLUBLE     VITAMINE,     II.       Jour.    Biol 

Chern.  41 :  515-523,  illus. 

(12)  Russell,  H.  L.,  and  Morrison,  F.  B. 

1923.  SCIENCE  SERVES  WISCONSIN  FARMS.     Wis.  Agr.  Expt.  Sta.  Bui.  352 
122  p.,  illus. 

(13)  Stebnbock,  H.,  Seix,  M.  T.,  and  Jones,  J.  H. 

1923.    VITAMINE  B.      II.       storage   OF  VITAMINE    B   BY   THE   RAT.      Jour,  Biol 

Chem.  55:  411-419,  illus. 

o 


A  STUDY  OF  ARSENICAL  RESIDUES  ON  APPLES  IN 

PENNSYLVANIA  WITH  RESPECT  TO  EFFICIENT 

SPRAYING  PRACTICES' 
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Stiitc  College,  Peuiia. 

AlJSTKACT 

Insocl.  siK-cics  altackiiiK  appl.'s  in  Pennsylvania  ,H-cc-ssilaU-<l  six  arscuK-al  s|,ray 
aonlications.    The  omission  of  one  or  n,o,-e  of  (l.esc  trealn,en,s  n^snlte,!  ,„  mereasec 
'■•',,  ,1„.  fn.iK      Salisfaelovv  ,.vo„.,.,io„  wns  obfaine.l  ,lnnn.    I::-.  w.tWt. 
;;;,;;;,,,,:„■:,„! -,,„-,-i,v,..nn-:nr!-^;ii  :.,rv._o  I  .,„,..     Rains  n,  .■xe..ss  ..1-.  .--..I 


,1, 


.ended  to  ,v^ln...tIu.:,n..u„i.,tspr:.y>l....s,i.V>..l.I.i>   ,  ,1  u...  nal,-  v,  :>.  nn  n.  1: - 
cation  of  llie  rclaiivc  amounts  of  nsKliuil  arsonu'. 

In  TRoDt  I'lloN 

Ap])U'S  ..f  Ihr  sniiHicrn  and  s.mllioasUTn  (M.uiitu'S  nf  IVimsylvatna  arc 
subject  1<)  attacks  .  •!  several  i,p;ccts  wliicli  nnlii.anly  feed  extetisive^y 
durin-  tlic  ^^^\M\v  aii<l  late  sunnrer  months,  (^.(lhn-  iD-.tl,  mitl.rcaks 
occuHate  in  August  in  s^nie  vears.  EuUa  .dutiaua  Walker,  the  red- 
banded  leaf-mlkT;  Auhirs  r.>.ur.nia  Harris,  the  nklKine  banded  lea1- 
^,^11^.,.  and  .l;;/cW.-,/  Jnnucro.ami  rWm^u^.  are  late  kvders  m  nni..rtance, 
some  individual.^  aiM'carino  in  (  !ct<>l.er  nr  ,hirin-  Xovnnber.        _ 

The  damace  incnrred  fr-n^  tlK-e  insects  is  mten  a  snnnv  -1  annual 
l,,^^,..  tn  mm  cr<Aveis,  and  late  snn  nuT  M^rays  containmy  lead  amenalc 
arc  somotniu-  nece^..irv  for  the  coniylor  pr-dcetion  ol  ayylc  hints 
from  insect    minrv.      As  a  resnlt.   a   rather  heax  v  coating  ni   n.atcnal 

,  ,1,    f,-.  n  c       \  fc\'    ^Idmrent^  <  ,1  at  )i  i.es  ha\'C  been 
somctnncs  ren-ams  f '11  t  re  1n.  u^ .     >\.<.  \    .i.i|ii^-io.  ,. 

relcetcd  nr  ^ei/cl.  b-th  at  h.nne  and  abroad  becanse  ni  rNccssivc  S].rav 

r,sidiu-.   dhe  l.an.Mal  u  ,<v.  and  unban-a:-n  ent  ^.stained  by  cmv,  ei  s 


on   ae(^(r. -n    « 


,\      1  ]m  '  o     '  .;■(    ('•  iVwr^'.      M  'VC'A^-"     '<^ 


1 .     1 


1  , . 


I-    al )'  cner    '  d    1'  'Co 


infnnealio,:  <...:eon:n:e  av:o.oioal  do.,  ^m^  k  d  n.a  o-Mv.d  ,  o,.,  ..  „,.. 
ditinn.  bv  ,ho  l)o,.ar'n,onl  of  knn.n.'lo.y  Ikdonmn  'd  ,ko  bo,n,syk 
vania  ytaio  Coho;  o.  'Mm.  a-ah'so.  of  vo^idno.  v.oU'  icadr  by  Ike  l)o- 
],artn:en1  oi   Aerienltnral  and   ib<do,nral  (dioini-try. 

(  )i;ji  (  -1    (  il    Till.   >■!  '    "'■ 

ddio  obHv-   -l   Ikis  slndv  X  a^  tM  a-.vrlain  ,  .naidii  al  i  .  ely  \\  c  an;onnt 
oiAvsidnal  a'-^erac  t-re.ent  on  ayyk^.  vJnc]M:ad  recoi.,od  t]:e  nnninunn 

~~^^'.:..\  l,y  tlio  l)nv.a>r  of  iko  KxiuTiinont  Snnion  as  Too!:nioal  Pa]  vr  No.  -\?A. 


;r) 


(jO^  lorRNAi.  ()!•  I'.coNOMic  i:m ( )M( )l.< X ■  V  |\'"1.  20 

quantity  of  s])ray  material  rcciiiircd  for  the  adecinatc  protection  of  the 
frnits.  Hiis  \\ork  comprised  two  pliases.-  (1)  the  determination  of 
what  constituted  the  minimum  amour.t  of  arsenical  S])rayinK  ior  com- 
])lcte  ])rotcction  and  (2)  thic  determination  of  arsenic  in  S])ray  de])osits. 

ArSI'.XUAL  SpRAYIXO    PRACTiti;S   DlRlXO    H)2() 

Tlie  S])ravin,i,^  schedule  as  outlined  in  liable  1  includes  the  dates  of 
ai)i)lications  Avliicli  were  ach'ised  in   l'.)2C). 

Discrssmx 

From  Tal)!''  1  i'  ^' ill  In'  "l»-<i\H'd  ;!:;ii  -ix  ;i]  ^i  .lications  of  arsenical 
sprays  were  use.  1  in  ;'  ese  sections.  X-  a---r:;i(  al  wasus^d  in  ihc  delayed 
doiTnant  ])eriod  where  oil  sprays  were  a])i)lie(l.  in  cither  instance, 
]'()\\c\  (  r,  i]:i  f,i;itsrcc(i\  c  d  lour  i)oison  s]  )rays  from  the  tiiP.e  of  the  petal 
fall  Lrealnient  to  the  end  of  tho  sprax'iiLj,  sea^^-ni. 

The  ad\isal)ility  of  r.sin-  arsenieals  at  tV,e  ].erio'ds  stated  and  m  the 

^..,,,   ,,,,^  ,.    ;,^.1,"oo-(  ,>,1    ic    ,vi-i,1<.iW     frr  n-n    1  ti .  >    i.'U'iirc    i>t     1  Pk  >    liTiilthMrS    UU'f  )h,'('(l 

Tent  cater] 'illais,  Inal  moths  and  leaf-rollers  were  unr,sually  numerous 
durin.K'  l*J2(),  and  a  ]-e(Kiction  in  the  nmnbers  of  the  lirst  oeneration 
assists  i^Tcatlv  in  ])re\-entini,^  late  suuimer  inji'.ries  to  th,e  iruit, 

Codlin.o  moth  adults  did  m^i  eu'.er.L^e  in  these  counties  at  the  tune  nf 
the  ]  etal  fall  ap])licatior.,  inil  ten  to  iifteen  days  later  tlie\'  ai)pearedin 
larj^e  niunl)ers.  Coincident  with  this  en:er,L,aMu:e.  the  plum  cureuli 
,L^'i\e  ])romise  of  mn^sual  dama.L'.c^  to  truits.  '1  hese  two  lactors  were 
]-esp(  n.sible  for  an.  en;en;enc\'  s]  .ra\'  warnin.L;  noted  \u  '1  able  1.  'llu- 
usual  truster  m  ]  le  and  smrai^er  ap] 'licalions  v  ere  re'imre(l  by  the 
])resence  (  f  ai']  le '-cab.  to;:ell  <  r-,-.  ith  th.e  eoiU  inv;e(l  acti\  ities  <  t  ihie])hini 
cm-cuilio,  our  corriUion  leaf-i-ollers,  and  th.e  codliny^  m<.th.  '!  he  summer 
ap]!lication  was  made  tVom  th.e  nnddle  to  the  last  o!  ju.l\'.  (  hiU'  t\\ 
of   tlie   a])]»]ications   advised   C''n.taineil    a   su^'cade-';. 

hd-i-i(-i  i\-i:Nr>->  ( a-  SI■l■•A^•  AniM.ii  m  it  )\-^  i\  ( 'o.\].\n- iv(  i  \i.  (Ma  ii.Mnts 
The  ]iereentai;es  of  ("h^an  iVuiu^  ree<  rded  in  'I'able  '-  ai'e  oiMy  <'i 
a])])les  winch  were"  not  iniured  by  in.sects  o^'dinarily  e<  ,iit  rolleil  by  lead 
arsonate.  As  far  as  i»os'nbde,  Sta\nnan  ao]..lc>-;  \Mn"o  '■cleeicl  loim  xai;- 
oron;-..  well  eared-for  trees  in  th(>  i^rime  <  >f  beariny  e«  nditi-  n.  ()'-el:avd 
Hi  received  an  a]nlieatioii  of  sulfin--le;el  arscnalc  dr.st  at  ihn  timeol 
the  last  treat  nn'nt .  'I  his  rc]  irescnit  fd  an  efiort  <  .n  i  in-  t  a:-i  ■  .■  the  e;roweT 
to  a\'oi(l  (.■■(■( 'ssiv  e  s]  ircax'  residnes,  an,d  il  i<  int  ere' 1  in'/  Ui  n^tc  that  there 
w  as  r:o  \  isible  residi'e  on  tl;e^(^  a]  >]  des,  '!-(•('  '!\'d  )lo  '.\  sannle  X  <  ■.  11'- 
Tlie  deyree  ( if  i  rr*  A ect '](  ni  in  1  l^is  <  .r<d:ai"d  wa-  e(  >n'-';<lei'ably  Ic:---  1  han  t  ha^ 
obtain.ed   wliere   a  h(|Ui<i   aii]dication   was  mado.      (  M'ldiai-d    i*    did   n"l 
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receive  the  eniei-ency  application.  As  a  result,  in  this  orchard  there 
was  an  increased  amount  of  curculio  uijm-ies.  ( )rchard  IS  ^vas  used  to 
determine  the  intensity  of  hisect  hijuries.  The  figures,  Table  L>.  indi- 
cate the  efficiency  of  the  advised  sprayin-  practices. 

Table  2.  -Results  of  Commercl\l  Spraying  for  Frl  it  Proti:ction 

Classification  of  In  juries  t 

(hvl.anl   Tnatn.rnf^         Plum  Fruit  CcdliuK  Tnjund  Chan 

No  TurniliM  W-rnis  Mnlh  l''nnt  rnnt 

!'.M-rrnt  iVrcMil  iNrcvnt  P-r.,,;!         l'>r,-,Mit 


1 

As  adx'isr'l 

1 

2 

As  aii\'!M'il 

0 

3 

Sprayed 

PersDnally 

5 

4 

As  adx'ised 

2 

5 

As  advised 

6 

6 

As  advised 

7 

7 

As  advised 

11 

8 

As  advised 

13 

9 

As  advised 

8 

10 

As  a<hdsed 

10 

11 

As  advised 

8 

12 

As  advised 

14 

U 

As  advised 

15 

14 

As  a(K'ised 

10 

If) 

As  advised 

IT) 

ir. 

Last  a])ijlieation 

a  dust 

11 

17 

ICuier^H'uey 
a]>i)liea1i()n 

not  used 

15 

IS 

Tlirec  ai)i)lieali()ns 

at  random 

20 

0 
2 

0 

6 
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5 

4 

4 

6 

5 

7 

0 
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2 

5 


12 


13 


U 
2 

2 
0 
2 
3 
2 
0 
4 
3 
5 
6 
4 
12 
5 

11 


0 


1<) 


i 
4 

7 
8 
12 
15 
17 
17 
18 
18 
20 
20 
20 
24 
2G 

20 


•  >•  > 


r)2 


*t2 

SS 
Sf) 


SH 
S2 
S2 
SO 

so 

80 
76 

74 

71 


67 

48 


*"As  advisc.l"  means  lliat  \hc  orchard  was  treated  according  to  the  recoil 
tions  of  the  si)raying  service. 


lenda- 


ine 


fThe  elassiliration  "1-ruit  Worms"  is  us('(lto  ineUideal 
such  as  grei'U  fruit  worms,  bud  moths,  and  U'af-rollrrs. 


iniiu-irs  raiisi'd  1)\'  spceu'S 


The  data  expressed  in  Table  2  were  cbtained  fn.m  IS  diftefent 
orchards  located  in  six  different  counties  of  southeastern  I'ennsyhania, 
In  general,  the  results  indicate  that  tlie  number  of  arsenical  treatments 
suKJ-^ested  were  sufficient  to  ])rotect  the  fruit,  it  is  also  evident  that 
any  diminution  in  the  numbers  of  treatnuMits  coidd  n<>t  ha\e  been 
ex])ected   to  afford  adeciuate  fruit  protection. 


Augitst,  'i.^ 
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Arsknk'  C\)NTi;nt  of  Tiii'  Si-rav  Kiisldiks 
Mi:tii()I)S  oi-  Samimixo 

'r^id  :n  Tabic  2  an.l  in  ntl,cv  planUn^s^    A  l-lal  o    :;:;  o.cbards  m 

fan    ties  cntribulcd  sa,n,,les  U.  auah-s.s.     In  pu-  u„  the  Inuts 

io^^vl^cb  l,a,l  tbc  lu.uicst  spray  d.„os,t  v.er.  secured      A  s.,uare  of 

e"   V  paper  «as  plaec.l  ar„ur,d  each  apple  and  ll,e  ln„t  earelnl  y  re- 

l/fr!,n,    the   l.raneh.      l.aei,   san.ple   was  packed   ,n   a  cardboard 

,,,,„!  ..Ml    P.ll:e   ial,oral.,rv.     Ail   I  n.Us  were  .-onected  1  o  .n  tlie 

;:'    ./lirancbes,  .here  ll.c  maxnmun  amoxu.ts  of  visible  residue  were 

,,„„,  , ,.,  ,  pe  fr-,;!  before  ,t  was  bandied.    A  second  eoUect.on  was  made 
U,.,n  the  sare.e  ,  .rci.nds,  lalcuiK  fndts  from  containers  ready  for  marKcl. 

Mi  ■!  MODS  uF  Akai.ysis 

1    .  ,,.  .,1    vv,.r,.  v-ei'licd    liel'i'rc   ireatnienl    I'lr   I'lC 
The  dillercnt  samites  nseM   wnc  \.>i,,iu 

„1  ,  f  ..r.enic    and  tlie  AS-.d,  calculated  per  poun<l  ■  .1    iruit. 
rpinoval  o    aisenic.  iiuo  lhv  -i-  „    .. 

reiuuvcu  ,,      ,, ,1  .....1  ,,.,>-,.  .-iimiactorN- residts. 

Themo(lilic(U.ul/.eu  niein.).!    »..,-... ,-.--    ■  ■ 

In  removing'  the  t.,ta1  -i^KuUily  of  arsenic  from  ihc  surlacc  o    the  ap,.les 
::i  fom'.d   .hat  a  7  per  cent   au.nouiun,   liydrox,   e  -   --   .^;-; 
approximately  as  sausfaef.ry  resvdts  as  v.erc  obtan.ed  '',  ^  ',   ^^ 

„;Lre  of  hot  concentrated  nilnc  and  suhuru:  aod.      in  case 

care  was  taken  to  ren>ove  an>-  res,due  ,r„n,  the  sP-nu  --'^  ;-',;; 
of  each  apple,  and  th.c  surfa<v  was  ,l>o,-ou,l,ly  washed  w  th  w  atu . 
The  solution  obtanu-d  was  then  nu,de  up  t.  chnne  andan  ah.ptot  was 

taken  for  analysis.  i,>,,.,ni 

All  detenvnuatinus  w.tc  nuule  under  the  .anie  c..nd,t,..ns  as  t.  U  n,lh 
of  lime,  temperature,  acdhy,  an,..um  and  surfa.v  area  -A  the  /.n,c 
cmpk.ycd.     Tlie  results  ol,lained  are  en  en   m    I  able  .., 

V^unount  of  rauHalOs  kn^evnMe,  have  a  dnvet    ,nnen,c  ..n     la 

a„,ount   .,f  ar:-e,n.-  n.und   n,   .prav   residue,  and   d,.,. Id  be  enuMdeu 
inconnccionwiththcanalv.r.     The  san.ple^  anaiw.ed  were  exp.,Md  to 
rains  which  are  indicated  in  ihceraph.TaMc   I,     Dnau..    the    n    .nta 
ofA,,ril,Mav,   |unc  and  July  du^.c  wa.  a  ...ud  dePcu.ncy  na  ra,n  ,a     -t 
.1.7:Onehes,  but   du-rcwa.  .an.xce.s,,,   .Vl-'uuhe.  throuch.\t.:.,nst^ 

Scnten.ber   and   ..cP.ber.'      Since  bu,    iho I    the   ..cnpU-s   anah   -  d 

were  spraved  alter  Inlv  :;i,  the  .ua.;rnv  .,1   i!a-  innl.  were  .uluected  to 

rains  in   exce-s  nt   the   normal    |  irecipUal  n  la. 

~S^U,  W,  \V„  ItllT,  S,:,n.l.,nl  yp,l,n.  t,  ■  .1  < 'In  ,ui,  al  .\..,.ly.i..     I'.  In.     N'  -  V-A 

""'o'Kane,  ^^■.  (■„  Hadley,  C.  lb,  ...I  ■  •>:. k  W,  -N..   I'"ll-"   ^''•■   '^^  ^'^  "• 

AgricuUural  l':x])(rimcnt  Station. 

^U.  S.  Weather  Bureau,  Phihidel].hia,  Pa.,  l*.>-'<i. 
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11ic  analvtical  fiiidinK^  seem  lo  juslify  (-erlain  ecnelusions.  Arsenic, 
with  but  one  exception,  was  fov.nd  on  all  samples  tested.  In  no  case 
was  there  found  an  anioiuU  of  arsenic  eciuixalent  to  1  /KH)  of  a  -rain  per 
pound  of  api)les,  the  stated  llritish' tolerance.  These  results,  hoAvevcr, 
were  all  made  i)rexic.us  to  any  han<lline:  of  the  fruit.  When  the  apples 
were  ])resented  for  inihlic  consunijition.  the  amouiit  of  arsenic  found  was 
reduced   to  a  irace,   (see  Tahlc  T);. 

p  v,a>-^  U'WW'^]  ihn;  llu  rciaiivc  (|i;;niii!\'  of  xi-di'l'^  ''Tnix-  iv:;iiii;.'  <lid  not 
serve  as  an  index  of  th,e  quantity  < A  arsenic  i)resent.  As  a  matter  ot  I.k  i, 
as  inucli  ;irvm.-  was  found  on  api)les  liavin.u:  no  visible  spray  residue,  as 
on  tliose  iiaxm;,  considerable  residual  material  on  their  surface. 

nifferent  sami)les  obtained  from  thc^  same  or(diard  and  receiving 
the  sa.mc 


^f^'1tment   showed    a    uniform    (iuanlit\'   ol    arsenic   present. 
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Sr.M.MARV 

Under  conditions  i)revailin^-.^  in  ]Vnnsyl\-ania  (hirini,^  MtlT),  it  was 
found  commercially  feasible  to  ])roduce  marketable  apples  without 
objcc-tionable  si^ra}'  rc^idu.os.  Sorays  were  applied  witli  but  little, 
if  anv,  de\iation  from  the  usual  i)rocc<lm-e  an<l  no  -u])]  >len  A'Utary  ],'repa- 
ration   e)f  thc^  frcil    was  nc(  essarw 

\'isibilit\-  of  s])ra\'  deposits  on  iIic.a'  ap])!*'-^  was  ik*  indi(  alion  of  the 
relati\e  ([uantities  of  the  ])oisoii. 

The  authors  reco.L'nizc  that  there  were  imperfeclions  of  methods  in 
sami)lin,i,^  and  analysis,  unusual  climaioloyical  conditions,  and  that  the 
studv  was  of  com])arati\-el\-  sh.ort  dm-ation.  Tlie  rc>ulis  are  i)rescnte(l. 
liowexer,  as  a  reL:ional  contribution  to  a  subject   of  national  interest. 
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VITAMIN  STUDIES. 

XVI    VITAMIN  A  IN  EVAPORATED  MILKS  MADE  BY  VACUUM  AND 

AERATION  METHODS.* 

By  R.  ADAMS  DlTriiKll  and  HANNAH    L.  ilONLYWKLL, 

Fwmlhv  Ih'pnrtnn  ,'t  of  .\<i  nr  al  I  nval  ami  Ih'oloiiirnl  (  InmiMriJ,  !'•  nn.  >ilr,inta 

,-<[<ilc  Colli  <Ji\  Sl<i!(    Colli  i/r.) 

AM.  (Tli:STl.ll   I).    DAlILi:. 

[From  the    Drpurtmrnl    of   Dniru    il ushnndnj,    rrun.sulvtmia   .S/a^J    Collnjc, 

State  College) 

(Received  for  publication,  August  8,  1927.) 

The  first  paper  of  this  series  (1)  described  the  results  obtained 
in  an  attempt  to  determine  whether  or  not  vitamin  B  is  destroyed 
when  cow's  milk  is  subjected  to  commercial  methods  of  evapora- 
tion. 

The  study  described  in  the  present  paper,  which  is  the  second 
in  the  series,  was  undertaken  with  the  view  of  answering  a  similar 
question  with  regard  to  vitamin  A.  We  pointed  out  in  the  pre- 
vious paper,  to  which  we  have  just  referred,  that: 

"In  the  past  practically  all  of  the  data  available,  relative  to  the  vitamin 
content  of  evaporated  milks,  have  been  obtained  on  samples  the  past  his- 
tory of  which  has  not  been  known.  Furthermore,  few  attempts  have  been 
made  to  compare  the  evaporated  milks  with  the  raw  milks  from  which  they 
were  made.  As  a  result  few  authoritative  data  have  been  obtained  con- 
cerning the  infhience  of  commercial  evaporation  processes  on  the  stability 

of  the  various  vitamins. 

The  present  studies  were  undertaken  with  the  view  of  preparing  evapo- 
rated milks  under  conditions  approximating,  as  closely  as  possible,  the  con- 
ditions used  in  commercial  practice  and  comparing  these  products  with 
the  original  milk  from  which  they  were  made,  to  eliminate  the  etTect  of  any 
fluctuation  in  vitamin  content  that  may  take  place  in  raw  milk  obtained 
from  various  sources  and  at  ditTerent  seasons  of  the  year.  ' 


*  Published  with  the  permission  of  the   Director  of  the  Agricultural 
Experiment  Station  as  paper  No.  438. 
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Vitamin  Studies.     XVI 


Evaporated  Milks. 

For  details  of  the  manufacturing  processes  which  were  carried 
out  on  a  semicommercial  scale  in  our  college  creamery,  the  reader 
is  referred  to  our  former  paper  (1).  For  the  sake  of  clearness, 
however,  it  is  necessary  to  say  that  two  types  of  evaporated  milks 
were  studied:  (1)  evaporated  milk  made  by  the  vacuum  process, 
and  (2)  evaporated  milk  made  by  the  aeration  process.  The 
foriiKT  was  representative  of  most  commercial  eva})orated  milkR 
sold  oTi  11h'  market,  having;  bcn-n  madc^  in  \hr  voppvv  vacuum  pan 
in  the  absence  of  air.  Tlic  aerated  milk  was  represeiilat ivc  of 
a  ty])e  which  is  of  less  coimnercial  ini{)()rtance  in  the  evai)()rai((i 
milk  industry  but  was  studied  because  of  the  scientific  intrn<i 
associated  with  vitamin  destruction  by  oxidative  processes. 
Portions  of  both  of  these  types  of  milks  were  sterilized  by  the 
fractional  sterilization  method.  These  sterilized  samples  were 
studied  with  the  view  of  determmmg  the  effect  of  steriiizalioii  as 
it  is  practiced  in  all  condenseries  where  evaporated  milks  are  made. 

The  certified  milk,  from  which  the  evaporated  milks  were  made, 
was  obtained  fresh  from  the  barn  every  morning.  I1ie  evaporated 
milks,  which  were  made  at  4  or  5  week  intervals,  were  analyzed 
and  diluted  to  the  concentration  of  the  original  raw  milk  before 
they  were  fed.  In  other  words,  all  evaporated  milks  were  com- 
pared directly  with  equal  volumes  of  the  certified  milk  from  which 
they  were  made,  the  latter  being  used  as  the  standard. 

In  most  of  the  work  reported  by  other  workers  it  has  not  been 
possible  to  say  with  certainty  whether  or  not  vitamin  A  d(^struc- 
tion  occurred  during  commercial  evaporation,  owing  to  a  lack  of 
knowledge  regarding  the  vitamin  content  of  the  original  raw  milk, 
which  is  known  to  fluctuate  in  vitamin  potency  depending  on  the 
vitamin  content  of  the  dairy  ration  (2). 

As  a  result,  five  types  of  milk  were  fed:  (1)  raw  milk  from  the 
certified  herd  (R.  M.),  (2)  evaporated  milk  made  by  the  vacuum 
process  (V.  I^.),  (3)  evaporated  milk  made  by  the  vacuum  process 
and  sterilized  (V.  E.  S.),  (4)  evaporated  milk  made  by  the  aeration 
process  (A.  E.),  and  (5)  evaporated  milk  made  by  the  aeration 
process  and  sterihzed  (A.  E.  S.). 

During  the  year  1925  a  study  was  made  using  the  old  prophy- 
lactic method  of  feeding.  The  rats,  which  numbered  150,  were 
fed  separately  in  individual  cages  and  on  screens.     The  rats  were 
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weighed  weekly  and  food  intake  records  were  kept  for  each 

individual,     i^  •       ■,    -  j. 

The  ration,  which  was  not  irradiated,  consisted,  m  parts  per 

100  of  casein  18,  agar  2,  McCollum's  salt  mixture^  (No.  185)  3 

nd  dextrin  77.     To  insure  an  adequate  and  constant  supply  of 

titamin  B   0.5  gm.  of  Fleischmann's  special  dried  yeast  was  fed 

(daily)  separate  from  the  ration.     The  experimental  milks  were 

fed  from  the  beginning  of  the  experiment  in  special  feedmg  dishes 

and  no  diflicultv  was  expi^ienced  in  obtaining  compU^te  consump- 


Chart  1.  Vitamin  A  in  raw  and  evaporated  milks  as  measured  by  the 
proDhylactic  method  of  feeding. 

tion  of  the  milk.  No  attempt  was  made  at  tliat  time  to  provide 
for  a  supply  of  the  untirachitie  faetor.  Chart  1  summarizes  the 
results  obtained  by  the  prophylactic  method.  I'ach  curve  repre- 
sents the  averages  of  ten  or  more  animals  and  the  abbreviations 
refer  to  the  different  types  of  experuncntal  milks  which  were 
described  in  a  previous  paragraph.  ,     ,  ,     r 

Previous  work,  in  which  the  prophylactic  method  of  feeding 
(2)  was  used,  showed  that  approximately  10  cc.  of  raw  milk  are 
necessary  to  furnish  sufficient  vitamin  A  for  normal  growth  m 

■  McCoUum,  E.  V.,  and  Simmonda,  N.,  /.  Uiol.  Chcm.,  1918,  xxxiii,  63. 
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rats.  Later  work,  in  which  the  prophylactic  method  was  used, 
but  with  the  ration  irradiated,  gave  us  results  which  showed  that 
considerably  less  milk  was  required  for  fairly  satisfactory  growth. 
This  is  in  agreement  with  the  work  of  Chick  and  Roscoe  (3)  who 
noted  that  a  smaller  amount  of  milk  was  required  to  furnish  suffi- 
cient vitamin  A  when  the  curative  method  was  used  and  when 
the  ration  contained  irradiated  vegetable  oil.  These  workers, 
using  the  normal  rate  of  growth  as  their  standard,  endeavored  to 
fiTul  the  amount,  of  milk  neci^ssary  to  })rodii('e  an  avf^-agc  gain 
of  10  to  13  gm.  per  week  for  a  curative  period  of  4  weeks  follow- 
ing tlie  prefcediiig  period  on  tlie  vitamin  A-free  diet. 

Sliennan  and  Muiisc^l  (i)  have  used  similar  t('elmiqu(\  with 
the  ex('e])tion  that  they  liavc  felt  thai  it  is  not  neeessary  to  take 
special  precautions  regarding  the  furnishing  of  the  antirachitic 
factor  by  irradiation.  The  Sherman-Munsell  standard  also 
difiurs  from  that  of  Chick  and  lloscoc  in  that  Sherm.an  and  Mur 
sell  make  no  attempt  to  obtain  the  normal  growth  rate  during 
the  curative  period.  Instead,  they  have  sought  to  find  the  mini- 
mum quantity  of  food  which  will  furnish  sufficient  vitamin  A  to 
prevent  loss  of  body  weight  and  produce  a  slight  but  steady 
growth.  They  have  suggested  that  this  technique  be  standard- 
ized by  finding  that  amount  of  food  which  will  produce  an  average 
weekly  increase  in  body  weight  of  3  gm.  for  a  period  of  8  weeks 
following  the  depletion  of  the  body  reserves. 

Javillier  and  coworkers  (5)  have  suggested  a  similar  but  higher 
standard.  Using  the  curative  method  also,  they  attempt  to  feed 
that  amount  of  food  which  will  produce,  for  30  days,  an  increase 
in  body  weight  of  about  30  per  cent  and  an  angle  of  growth  of 
30  degrees  when  days  and  gm.  are  given  the  same  linear  value  on 
the  chart.  This  standard  is  what  might  be  termed,  equivalent 
to  about  one-half  of  normal  growth. 

EXPERIMENTAL. 

In  1926  we  repeated  our  experiments  but  modified  the  technique 
by  using  the  curative  method  of  feeding  and  the  basal  ration  was 
irradiated  in  shallow  pans  with  a  Cooper  Hewitt  Uviarc  lamp  at 
a  distance  of  24  inches  for  15  minutes,  the  ration  being  stirred  at 
intervals  of  5  minutes  during  the  irradiation.  Previous  work  in 
our  laboratory  (6)  has  shown  that  dextrin  prepared  from  com- 
mercial eorn-stareh  can  })e  activated  to  furnish  sufficient   anti- 
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rachitic  factor  to  eliminate  the  possibiUty  of  insufficient  calcmm 
Ind  phosphorus  utilization.  We  have  not  yet  made  a  study  of 
fhis  Dhase  of  the  problem  but  we  feel  that  the  activation  of  our 
dextrin  is  probably  due  to  the  presence  of  sterols  in  the  impure 
commercial  starch  from  which  the  dextrin  was  made 

A  total  of  177  rats  was  used  in  this  portion  of  the  work,  all 
animals  being  fed  on  screens  and  in  individual  cages.  The  basal 
ration  was  of  the  sam(^  composition  as  that  described  m  th(>  dis- 
cus^on  of  onr  1925  (>xp(4-iments  and  Fleischinaiin's^  s])(M'ial  yeast 
^as  fed  dailv  iu  indivuhial  dishes  separate  from  Uu'  ration. 

\ll  nts  were  placed  on  expi^riincnt  at  21  days  oi  a-.'  at  a  w<-iglit 
of''>b(Hit  10  gm.  Animals  which  weighed  k-^s  tlian  :'>.  gm.  or 
,,on>  than  12  gm.  wcv  not  us-mI.  Th.'S.  pivrauliun^  wnv  iakrn 
with  the  hope  that  we  might  obtain  more  umtorm  response's  to 
our  experimental  procedure.  Our  stock  ration  (7)  is  ot  constan 
composition  and  we  should  expect  that  vitamin  storage  would  not 
vary  appreciably  in  our  experimental  rats. 

This  expectation  has  been  borne  out  by  our  experumce  during 
the  past  year.  A  large  proportion  of  our  rats,  when  placed  on 
the  vitamin  A-free  basal  ration  will  have  depleted  their  vitamm 
A  body  reserves  in  35  to  40  days.  By  far  the  greatest  number 
will  have  reached  this  point  on  the  37th  day  of  the  prefeedmg 
period  at  which  time  the  curative  food  is  introduced.  Since  the 
prefeeding  period  requires  5  weeks  for  vitamin  A  depletion,  we 
have  arbitrarily  chosen  the  same  period  (5  weeks)  for  the  cura- 
tive feeding,  the  entire  experiment  occupymg  10  weeks. 

PreUminary  feeding  trials  with  various  amounts  of  raw  milk 
led  us  to  believe  that  1  cc.  would  produce  an  average  weekly  gain 
approximating  the  Sherman-Munsell  standard  of  3  gin.  per  week 
Likewise,  we  had  evidence  that  1.5  to  2.5  cc.  should  be  s^ufficient 
to  bring  about  a  rate  of  growth  approximately  equal  to  the  J  ayil- 
Uer  standard  of  6  gm.  per  week.     With  these  facts  m  mind  the 
various  experimental  evaporated  milks  were  fed  at  1,  1.5,  ana 
3  cc.  levels.     In  no  case  were  there  less  than  six  rats  in  an  experi- 
mental group  and  in  several  groups  the  number  of  experimental 
animals  exceeded  this  figure,  the  highest  being  thirty-one  animals 
in  the  group  receiving  2  cc.  of  raw  milk.     The  rats  were  not  all 

« The  writers  wish  to  acknowledge  their  indebtedness  to  I  )r   Robert  E 
Lee  of  the  Fleischmann  Yeast  Company  who  furnished  the  yeast  used  m  all 
of  our  feeding  work. 
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placed  on  experiment  at  one  time,  a  number  being  added  to  each 
experimental  group  from  time  to  time  throughout  the  year.  This 
was  done  to  eliminate  seasonal  variation  influences  in  case  the 
milk  should  vary  slightly  from  season  to  season  during  the  ex- 
periment. Males  and  females  were  distributed  evenly  in  all 
groups  and,  so  far  as  possible,  litter  mates  were  distributed  in 
the  same  manner. 

TABT.E  I. 

Anriu/c  \Vr<  h-hj  Grovth  of  Raf.^  R<  a  ivimj  Raw  and  Evaporated  Milk. 
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Milk  fed. 


cc. 

1.0  R.  M. 
1.0  V.  E. 
1.0  V.  E.  S. 
1.0  A.  E. 
1.0  A.  E.  S. 

1.5  R.  M. 
1.5  V.  E. 
1.5  V.  E.  S. 
1.5  A .  E . 

1.5  A.  E.  S. 

2.0  R.  M. 

2.5  R.  M. 

3  0  R.M. 
3.0  V.  E. 
3  0  V.  E.  S. 
3  0  A.  E. 

3  0  A.  E.  S. 


Xuiii!)or 
of  ruts 

111 
Kroup. 


of  r:itw. 


13 
8 
6 
6 
6 

14 

8 

9 

11 

10 

31 

10 

10 
9 
9 
7 

10 


start . 


am. 

63.5 
54.2 
53.0 
55.5 
52.0 


56.9 
52.5 
62.2 
64.2 
60.4 

&i  2 

63.1 

63.9 
62.7 
63  8 
67  7 
74  2 


.\ft(>r  5 
wkn. 


K.'un. 


um. 

78.3 
63.8 
61.3 
61.1 
57.1 

83.9 
70.6 

80.2 
82  0 

77.8 

91.5 

94.2 

107.3 
99.7 
100  8 
104  2 
108  0 


gm. 

14.8 
9.6 
8.3 
5.6 
5.1 

27.0 

18.1 
18  0 
17.8 
17.4 

27.3 

31  2 

43.4 
37.0 
37.0 
36  5 
33.8 


'A  K  . 


um. 

2.96 
1.92 
1.66 
1.12 
1.02 

5.40 
3  62 
3  60 
3.56 
3.48 

5.46 

6  22 

8.68 
7.40 
7.40 
7.30 
6  76 


per  cent 

100.00 
64.86 
56.08 
37,83 
34.45 

100.00 
67.03 
66  66 
65.92 
64.44 


injury. 


Ver  cent 

0.00 
35.14 
43.92 
62.17 
65.55 

00.00 
32,97 
33.34 
34.08 
35.56 


100  00 

85.25 
85.25 
84,10 

77.88 


00.00 
14.75 
14.75 
15,90 
22.12 


When  our  rats  have  subsisted  on  the  vitamin  A-free  basal 
ration  for  about  21  days,  growth  is  retarded.  By  the  28th  day, 
as  a  rule,  growth  has  ceased  and  the  curve  remains  flat  until  the 
35th  to  37th  day  when  an  abrupt  fall  occurs.  At  this  point  the 
animal  will  lose  from  3  to  6  gm.  in  a  day.  It  is  at  this  point  that 
we  feed  the  curative  food  containing  vitamin  A. 


Table  1  summarizes  the  data  obtained  by  the  curative  method. 
A  study  of  Table  I  shows  that  better  growth  was  obtained  in 
Lrv  ease  where  raw  milk  was  fed  than  was  obtained  after  the 
S  had  been  evaporated.  It  will  be  noted  that  the  average 
Sly  rate  of  growth  on  1  cc.  of  raw  milk  (ll.M  )  was  practically 
laual  to  the  Sherman-Munsell   standard.     When  the  milk  is 

vaporated  by  the  vacuum  process  (V.K.),  diluted  to  its  original 

onooutratioif,  and  fed  at  the  1  cc.  level  in  direct  comparison  ^.th 

:  -aw  milk,  th..  a,v,.ra,<.  wckly  growth  ,s  ,U,SO  per  cent  c^    hat 

„,,„i,„a  „„  1  ,.,..  of  raw   milk,     .Vfl-'  sl.nluu.u.n   v      l->.)  .!» 

fractional  method  described  in  the  l.rst  pap.-r  of  this  sene. 

p.,nvtli  i^  but  50,08  percent  of  that  obtai.uMl  with  an  eciual  amount 

of  r;nv  milk.  ii     i    /  \  t<^  \ 

When  milk  was  evaporated  by  the  aeration  method  (A,L, 
.rowth  is  but  37.83  per  cent  and  after  sterilization  (A.1..S0 
!„...*  1,  ;=  K.,t  34  4.'->  ner  cent  of  that  obtained  on  1  cc.  of  raw  milk. 
We  are  unlble  to  explain  the  slight  diff..rence  between  the  average 
wceklv  gains  obtained  with  1.5  and  2,0  cc.  of  law  milk  (R.M.) 
in  spite  of  the  fact  that  the  groups  contained  fourteen  and  thirty- 
nLimals,  respectively.  At  the  2.5  cc.  level  (R.M  the  average 
gain  per  wei^k  is  practically  identical  with  the  Javilher  standard 

of  6  em.  per  week.  ^         i       i  xu 

When  the  experimental  milks  were  fed  at  the  1.5  cc.  level  the 
same  general  relationship  is  noted  except  that  the  average  weekly 
rLh  is  better.  When  the  1,5  cc,  (R.M.)  ^-wth  average  i 
used  as  the  standard  the  vacuum  evaporated  (\  ,K)  group  is 
67,03  per  cent  while  sterilisation  (V.lvS.)  has  reduced  the  growth 
slightly,  although  it  is  doubtful  if  such  slight  differences  are 

"  AUhet  cc,  fee<ling  level  the  relation  of  one  group  to  another  is 
about  the  same  as  the  ones  discussed  above  with  the  exception 
that  growth  in  all  groups  was  nmch  better,  which  should  be 
expected.  It  is  significant  to  note  that  the  effect  of  temperature 
and  aeration  becomes  less  marked  at  the  highest  level  of  feed  ng 
while  the  effects  are  quite  marked  in  those  groups  receiving  the 
least  amount  of  milk.  It  is  probable  that  slight  quantitative 
differences  in  the  vitamin  content  of  foods  cannot  be  determined 
with  the  same  accuracy  by  using  normal  rates  of  growth  as  can 
be  obtained  with  standards  of  the  Sherman-Munsell  type.     On 
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the  other  hand,  we  have  observed  a  much  greater  proportion  of 
respiratory  troubles  and  infections  of  various  types  when  animals 
are  allowed  to  grow  but  3  gm.  per  week  than  we  have  observed 
in  animals  growing  at  the  rate  of  6  gm.  per  week.     This  is  in 
general  agreement  with  the  findings  of  Macy  and  coworkers  (8), 
although  they  use  normal  growth  (12  to  14  gm.  per  week)  as 
their  standard.     We  have  not  been  able  to  obtain  the  growth 
response  on  raw  cow's  milk  obtained  by  the  last  mentioned  in- 
vestigators (9),  who  obtain  average  weekly  growth,  by  the  cura- 
tive technique,  of  12  to  13  gm.  per  week  on  3  cc.  of  cow's  milk, 
while  we  obtain  weekly  gains  of  8  to  9  gm.  on  the  same  amount  of 
milk.     It  is  possible  that  the  environment  and  diet  of  the  cows 
may  account  for  this  difference.     The  lierd  from  which  our  milk 
was  obtained  received  the  same  ration  the  year  round,  had  no 
access  to  pasture,  and  received  but  a  limited  and  variable  amount 
of  green  feed  during  the  summer  months  in  the  form  of  green 

hay. 

We  have  not  been  able  to  depend  on  the  onset  of  ophthalmic 
symptoms  as  an  index  of  vitamin  A  depletion  for  the  reason  that 
many  of  our  animals  show  no  signs  of  this  condition  at  the  time 
that  the  body  weight  becomes  stationary,  following  the  prefeed- 
ing  period.  In  fact,  an  examination  of  our  records  shows  a  much 
smaller  percentage  of  animals  afflicted  with  xerophthalmia  than 
is  reported  by  many  workers.  In  this  study  not  more  than  30 
per  cent  of  our  animals  showed  evidences  of  the  disease.  In  the 
past,  when  we  irradiated  the  animals  directly,  we  obtained  xer- 
ophthalmia in  about  50  per  cent  of  the  cases  on  record.  As  soon 
as  we  abandoned  direct  irradiation  in  favor  of  food  irradiation, 
the  number  of  cases  fell  to  about  one-half  of  the  former  figure. 

Postmortem  records  were  kept  of  all  animals  and  particular 
attention  was  paid  to  ear,  lung,  and  tongue  infections.  We  have 
been  able  to  find  but  one  or  two  cases  of  tongue  infections  as 
described  by  Macy  and  coworkers.  In  those  groups  which  grew 
at  a  rate  of  3  gm.  or  less  per  week  we  observed  a  greater  number 
of  cases  of  ear  and  lung  infection  than  in  the  groups  which  grew 
at  6  gm.  or  more  per  week.  In  general,  the  infections  were  less 
severe  at  the  higher  growth  levels  than  at  the  lower  levels,  al- 
though there  were  a  few  exceptions  to  this  generalization. 

We  have  expressed,  in  Table  I,  the  percentage  of  loss  in  weight 
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failure  to  grow,  using  the  raw  milk  groups  as  standards.  We 
Ike  no  attempt  at  this  time  to  take  a  definite  stand  for  any 
oi  the  growth  standards  discussed.  We  have  the  feelmg  that 
normal  growth  standards  are  not  capable  of  detectmg  small 
differences  in  the  vitamin  content  of  foods  while  we  are  also 
somewhat  disturbed  when  we  apply  the  Sherman-Munsell  standard 
for  the  reason  that  we  are  in  doubt  regarding  the  mfluence  of 
lowered  resistance  and  infection  on  the  results.  While  we  are 
not  vet  ready  t,o  advocate  it,  we  are  inclined  to  favor  the  "  half 
normal"  standard  of  Javillicr,  since  healtli  is  fairly  ^ood  at  that 
rate  of  growtli  and  biological  response  to  small  food  additions 
seems  to  us  to  be  fairly  well  marked. 

'  It  would  appear  tliat  vacuum  and  aeration  methods  of  evapora- 
tion possess  an  appreciable  destructive  effect  on  the  vitamin  A 
content  of  milk.  We  feel  that  this  destructive  effect  cannot  be 
-^uc  +0  t^^  ^ff^^+'  ^^  h^at  on  the  mineral  content  of  the  milk  for 
the  reason  that  McCollum's  Salt  Mixture  185  was  fed  throughout 
the  experiment.  It  would  appear,  therefore,  that  the  loss  in 
nutritive  value  must  be  due  to  destruction  of  vitamin  A.  While 
it  is  impossible  to  draw  accurate  conclusions  regarding  the  amount 
of  vitamin  A  destroyed  it  would  appear  that  it  may  vary  from  10 
to  30  per  cent,  depending  upon  the  treatment  the  milk  has  re- 
ceived and  upon  the  growth  standards  used  m  making  the  m- 
terpretations. 

SUMMARY. 

Experiments  are  described  in  which  rats  were  fed  a  vitamin 
A-free  irradiated  basal  ration,  the  curative  technique  being  used. 
Evaporated  milks  made  by  vacuum  and  aeration  methods  were 
fed,  at  various  levels,  in  direct  comparison  with  the  raw  milk 
from  which  they  were  made.  It  is  concluded  that  evaporated 
milks  made  by  the  vacuum  process  have  lost  some  of  their  nutri- 
tive value  during  the  manufacturing  process  and  that  this  loss, 
which  does  not  appear  to  be  unduly  great,  is  probably  due  to 
destruction  of  vitamin  A.  It  would  appear  also  that  aeration 
and  sterilization  increase  this  destructive  effect  to  some  extent. 
Quantitative  interpretations  of  the  destruction  of  vitamin  A 
are  discussed. 
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Various  methods  have  l^een  used  in  the  past  to  measure  the  availability  of 
the  more  important  soil  constituents.  These  methods  have  involved  extraction 
of  the  soil  with  water,  carbonated  water,  salt  solutions,  and  dilute  organic  and 
inorganic  acids.  Mineral  acids  of  relatively  high  concentrations  have  also 
been  used.  It  is  now  recognized,  hov/ever,  that  although  certain  of  these 
solvents  may  serve  to  determine  the  availability  of  a  single  soil  constituent, 
the  same  will  not  necessarily  hold  true  in  the  case  of  other  soil  constituents. 

At  the  present  time,  studies  are  being  made  of  methods  other  than  those 
involving  extraction  with  solvents.  Among  these,  that  of  measuring  the 
availability  by  means  of  plants  grown  on  the  soils  tested,  and  followed  by 
determinations  of  the  soil  constituents  absorbed,  has  been  used  to  a  certain 
extent. 

A  considerable  amount  of  investigational  work  has  been  conducted  on  the 
availability  of  soil  potassium,  on  account  of  the  fact  that  the  ordinary  agricul- 
tural soils  contain  sufficient  quantities  of  this  element  to  suffice  for  the  growth 
of  plants  for  an  indefinite  period,  providing  it  is  rendered  soluble.  Therefore, 
a  study  of  the  factors  influencing  the  solubility  of  soil  potassium  should  be  of 
interest  both  from  a  practical  and  scientific  point  of  view. 

From  the  standpoint  of  plant  nutrition,  any  information  pertaining  to  the 
quantity  of  potassium  available  in  soil  at  any  one  time,  or  during  a  growing 
season,  or  as  to  the  form  in  which  it  occurs,  is  of  considerable  importance,  and 
for  these  reasons,  in  part,  the  following  investigation  was  undertaken. 

OBJECT   OF   THE   EXPERIMENT 

The  object  of  this  experiment  was  to  measure  the  availability  of  potassium 
in  two  soils  of  known  history,  by  means  of  plants  grown  in  direct  contact 
with  them,  under  controlled  conditions,  and  to  determine  the  quantity  of  this 
clement  absorbed.  In  order  to  do  this  a  modification  of  the  method  of  Neu- 
bauer  and  Schneider  (4)  was  employed.  The  original  method  is  described  in 
detail  by  Ames  and  Gerdel  (2). 

*  Published  by  permission  of  the  Director  of  the  .Agricultural  Experiment  Station  as  scien- 
tific paper  No.  43  L 
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EXPERIMENTAL 

Description  of  materials  used 

The  soils  used  in  this  study  were  taken  from  plots  1  and  4,  tier  II,  of  the 
general  fertilizer  experiments  of  the  Pennsylvania  Experiment  Station.  These 
plots  have  been  cultivated  and  cropped  continuously  since  1881.  Plot  1 
received  no  fertilizer  during  this  time  but  plot  4  was  treated  with  200  pounds 
of  muriate  of  potash  biennially,  and  when  sampled  had  received  18  such  appli- 
cations,  the  latest  of  these  dresshigs  being  applied  14  months  prior  to  sampling. 
These  soils  have  been  described  by  Frear  and  Krb  (3),  who  used  them  for  their 
work  on  a  study  of  the  condition  of  soil  potassium  as  determined  by  means  of 

solvents. 

The  medium  for  plant  growth  used  throughout  this  experiment  was  pure 
white  sand  which  had  been  thoroughly  washed  with  tap  water  and  finally  with 
distilled  water. 

TABLE  1 
Composition  of  nutrient  solution 


MATERIAL 


(NH«)2HP04 

CaH4fP04)2H20 
Ca(N03)2-H.iO. . 
MgS04-7H20.. 

K2SO4 

FeCl3-6HjO..  .. 


AMOUNT 


gm. 

14.4908 
25.9389 
68.5225 
99.7879 
9.1661 
O.KXX) 


VOLTJKE 


CC. 

8000 
8000 
8000 
8000 
2500 
250 


APPLICATION 


CC. 

10 
10 
10 
10 
10 

1 


Since  buckwheat  absorbs  potassium  in  relatively  large  quantities  and  grows 
well  under  greenhouse  conditions,  this  plant  was  chosen  as  the  crop  to  be 
grown,  and  in  order  to  insure  a  good  growth,  only  carefully  selected  and 
healthy  seeds  were  planted. 

Fifteen  seeds  were  added  to  each  of  the  jars,  and  after  germination  six  or 
seven  plants  were  allowed  to  develop  and  the  others  were  removed.  The  jars 
contained  2,750  gm.  of  sand,  alone,  or  with  varying  quantities  of  soil. 

A  complete  nutrient  solution  was  added  to  those  jars  not  receiving  a  potash 
addition  in  the  form  of  soil.  Where  soil  was  present,  potash  was  omitted  from 
the  nutrient  solution.  The  composition  and  rate  of  application  of  this  solu- 
tion are  given  in  table  1. 

Each  jar  was  kept  at  approximately  14  per  cent  moisture  content  with  dis- 
tilled water  throughout  the  experiment. 

The  amounts  of  treated  and  untreated  soils  added  to  the  various  jars  and 
thoroughly  mixed  with  the  sand  before  moisture  was  added,  were  12.5,  25.0, 
37.5,  and  50.0  gm. 

The  first  application  of  the  nutrients  was  made  on  July  12,  one  week  after 
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supplp:mf.ntal  treatments 

JAR  NUMBERS 

Soil  additions 

Nutrient  additions 

Plot  1 

Plot  4 

Kind  of  solution 

Quantity  api)lied 

Time  of  application 

gm. 

gm. 

1-  2-  3-  4 

Con\\>h'U- 

Single 

Weekly 

5-  ()     7  -■  S 

(  "oiiiplrtf 

Si!i,i.;;lL' 

Sciriiwcfklv 

9   10 



( 'oiiipkic 

Double 

Weekly 

11   U   13   14 

Khvv 

Sin,<.;lc 

Scniiwcekly 

15  10^17-18 

12    5 

K-frcc- 

Sin<;lc 

Semi  weekly 

19-20  21   22 

2.^  1) 

K  free 

Sin-le 

Seniiweekly 

23  24  25  26 

37.5 

K  frtH- 

Single 

Seiniweekly 

27-28-29-30 

50.0 

K-free 

Single 

Semi  weekly 

31-32-33-34 

12.5 

K-free 

Single 

Semiweekly 

35-36-37-38 

25.0 

K-free 

Single 

Semiweekly 

39-40-41-42 

37.5 

K-frce 

Single 

Semiweekly 

43-44-45-46 

50.0 

K-free 

Single 

Semiweekly 

TABLE  3 
Total  yield  of  dry  matter  and  quantity  of  potassium  absorbed 


JAR 
NUMBER 

NUMBER  OF 
PLANTS 

WEIGHT  OF 

URY 
MATERIAL 

WEIGHT  OF 

K 
ABSORBED 

JAR 
NUMBER 

NUMBER  OF 
PLANTS 

WEIGHT  OF 

DRY 
iL^TEKIAL 

WEIGHT  OK 

K 

ABSORBED 

gm. 

mgm. 

gm. 

mgm. 

1 

6 

2.56 

77.4 

3 

7 

1.81 

68.3 

2 

6 

3.06 

76.5 

4 

7 

2.90 

69.9 

5 

6 

3.73 

136.9 

7 

7 

4.99 

161.8 

6 

6 

3.06 

121.6 

8 

7 

5,26 

159.6 

9 

6 

4.95 

157.1 

10 

6 

3.89 

149.1 



U 

6 

0.77 

2.7 

13 

7 

0.79 

3.1 

12 

6 

0.57 

2.6 

14 

7 

0.64 

2.6 

15 

6 

0.99 

4.2 

17 

1 

1.19 

6.4 

16 

6 

1.23 

6.1 

18 

7 

1.63 

7.6 

19 

6 

1.66 

21 

/ 

1.73 



20 

6 

1.81 

.... 

22 

7 

1.82 

9.2 

23 

6 

2.28 

11.7 

25 

7 

2.13 

11.1 

24 

6 

2.14 

10.8 

26 

7 

3.16 

13.3 

27 

6 

3.55 

16.1 

29 

7 

3.23 

11.9 

28 

6 

3 .  73 

17.5 

30 

7 

4.06 

17.6 

31 

6 

1.05 

3.7 

S.", 

7 

1.11 

4.7 

32 

6 

1.06 

3.5 

34 

1.06 

5.7 

35 

6 

1.06 

5.7 

37 

7 

1  49 

6.6 

36 

6 

0.90 

5.4 

38 

7 

1.06 

5.9 

39 

6 

1.44 

8.1 

41 

7 

0.96 

5.1 

40 

6 

1.27 

7.9 

42 

7 

1.24 

7.2 

43 

6 

1.46 

7  9 

45 

7 

1.38 

7,2 

44 

6 

1.28 

7.6 

46 

7 

1  32 

7,6 
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planting,  followed  by  successive  additions  at  weekly  or  semiweekly  intervals 
according  to  the  plan  of  the  experiment. 

The  jars  were  weighed  daily,  care  being  taken  to  prevent  undue  evaporation, 
by  white-washing  the  greenhouse  roof  and  by  keeping  the  floors  well  sprinkled 
with  water. 

TABLE  4 

Availability  of  potassium  in  the  soils  of  plot  4  (treated)  and  plot  1  {untreated) 


■ 

— ■ 

POTASSIUM 

CON<ENTRATl()N 

JAR  NUMBKR 

FLOT  NL'MBKR 

WKK.HT  OF  SOIL 

NUMBER  OP 
PLANTS 

REMOVED  IN  EX- 
CESS OF  CHECK 

OF  AVAILABLK  K 
IN  SOIL 

^ 

gm. 

m^m. 

per  lenl 

15 

4 

12.5 

6 

1   4 

0.0112 

1() 

4 

12.5 

b 

3.3 

0 . 0204 

17 

4 

12.5 

7 

3.4 

0.0272 

18 

4 

12.5 

7 

4.8 

0.0384 

19 

4 

25.0 

6 

20 

4 

25.0 

6 

21 

4 

25.0 

7 

22 

4 

25.0 

7 

6.4 

0.0256 

23 

4 

37.5 

6 

8.9 

0.0237 

24 

4 

37.5 

6 

8.0 

0.0213 

25 

4 

37.5 

7 

8.3 

0.0221 

26 

4 

37.5 

7 

10.5 

0.0280 

27 

4 

50.0 

6 

13.3 

0.0266 

28 

4 

50.0 

6 

14.7 

0.0294 

29 

4 

50.0 

7 

9.1 

0.0182 

30 

4 

50.0 

7 

14.8 

0.0296 

31 

12.5 

6 

0.9 

0.0072 

32 

12.5 

6 

0.7 

0.0056 

33 

12.5 

7 

1.9 

0.0152 

34 

12.5 

7 

2.9 

0.0232 

35 

25.0 

6 

2.9 

0.0116 

36 

25.0 

6 

2.6 

0.0104 

37 

25.0 

7 

3.8 

0.0152 

38 

25.0 

7 

3.1 

0.0124 

39 

37.5 

6 

5.3 

0.0141 

40 

37.5 

6 

5.1 

0.0136 

41 

37.5 

7 

2.3 

0.0061 

42 

37.5 

7 

4.4 

0.0117 

43 

50.0 

6 

5.1 

0.0102 

44 

50.0 

6 

4.8 

0.0096 

45 

50.0 

7 

4.4 

0.0088 

46 

50.0 

7 

4.8 

0.0096 

The  plants  started  to  bloom  on  July  30.  In  order  to  insure  more  growth, 
these  blooms  were  removed  and  preserved  for  the  final  harvest,  which  was  on 
August  23.  At  that  time  the  plants  were  cut  close  to  the  sand,  placed  in 
large  envelopes,  and  transferred  to  a  drying  closet.  After  the  plants  were 
dried,  they  were  ground  and  preserved  for  analysis. 
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At  the  time  of  harvesting,  an  attempt  was  made  to  recover  the  roots.  Un- 
fortunately, however,  it  was  found  impossible  to  remove  them  in  their  entirety. 
It  was  observed,  however,  that  a  rather  excellent  root  development  was  ob- 
tained where  the  plants  were  grown  in  the  presence  of  50  gm.  of  treated  soil, 
the  roots  extending  to  the  bottom  and  throughout  the  mass  of  sand  and  soil, 
tending  to  hold  it  together. 

All  plants  grown  in  the  presence  of  soil  showed  pronounced  symptoms  of 
potash  starvation.  Where  50  gm.  of  the  treated  soil  was  used,  however,  these 
symptoms  did  not  appear  until  a  week  to  ten  clays  before  harvesting.  It  was 
unfortunate  that  larger  quantities  of  soil  were  not  used  in  all  cases,  but  the 
main  endeavor  in  this  experiment  was  to  make  potassium  the  limiting  factor  of 
plant  growth. 

The  method  employed  for  the  determination  of  potassium  in  the  plants  was 
the  same  as  used  by  Ames  and  Boltz  (p.  206). 

In  every  case,  the  entire  yield  of  plants  of  each  jar  was  taken  for  individual 
analysis. 

Presentation  of  data 

Forty-six  jars  were  used  in  the  experiment.  To  some  of  these  were  added 
complete  or  K-free  nutrients  in  single  or  double  quantities  and  at  intervals  of 
every  week  or  twice  a  week.  To  some  of  the  jars  were  added  varying  quanti- 
ties of  treated  and  untreated  soils.  The  supplemental  treatments  of  the  jars 
are  given  in  table  2. 

With  one  exception,  two  sets  of  duplicates  were  run  on  all  individual  treat- 
ments, one  set  having  6  plants  and  the  other  7  plants  per  jar.  The  total 
yields  of  material  obtained  from  each  jar,  together  with  the  quantity  of  po- 
tassium absorbed  are  given  in  table  3. 

Previous  investigational  work  on  the  amount  and  condition  of  potassium  in 
each  of  these  two  soils,  as  conducted  by  Frear  and  Erb  (3)  is  given  below: 


AMOUNT  OF  POTASH 


Total 

Solubleinhotl.ll5sp.gr.HCl,  10  hours,  1:10 

Soluble  in  warm  40°C.,  0.2  A' HCl,  5  hours,  1:10 

Soluble  in  distilled  water, 

Flask  method,  5  hours,  40°C.,  1 :  10 

Flask  method,  highest  results 

Percolation  method,  21^.,  1 :  10,  4  to  6  days 

In  water  from  clay  washing 

Soluble  in  carbonated  water  by  percolation,  2l°C.,  1:10,  2  to 

5  days 

Soluble  in  0.33  iV  NH4CI  solution,  5  hours,  40°C.,  1 :  10 

First  extraction 

Second  extraction 


IN  TERMS  OF  AIR-DRY  FINE  SOIL 


Plot  1 

Plot  4 

per  cent 
KtO 

per  cent 

3.8210 

3.5430 

0.3687 

0.4092 

0.0143 

0.0301 

0.0032 

0.0049 

0.0046 

0.0075 

0.0045 

0.0080 

0.0038 

0.0087 

0.0076 

0.0094 
0.0020 


0.0140 

0.0187 
0.0021 
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The  quantities  of  potassium  absorbed  by  the  six  or  seven  plants  of  each  set 
of  duplicates  of  the  soil  treatments  after  subtracting  the  quantity  found  in 
the  plants  receiving  the  K-free  nutrients,  are  given  in  table  4. 

DISCUSSION   OF   RESULTS 

The  results  obtained  by  this  preliminary  experiment,  although  not  conclu. 
sive,  show  that  the  plants  absorbed  more  potassium  from  the  "treated"  soil 
than  from  the  "untreated."  It  is  also  shown  that  i)lants  must  attain  a  ccrlain 
condition  of  growth  before  they  serve  as  a  good  index  for  determining  the 
condition  of  potassium  in  soils.  In  an  experiment  of  this  nature,  potassium 
must  necessarily  l^e  the  limiting  factor  of  growth,  but  better  results  would 
doubtless  have  been  ol)tained  if  more  soil  had  been  used. 

Because  of  the  variation  normally  in  evidence  where  but  few  plants  are 
grown,  there  were  slight  variations  in  the  quantities  of  potassium  absorbed 
where  the  plants  were  grown  under  the  same  environmental  conditions.  No 
great  difference  was  noted  in  the  quantities  absorbed  by  the  six  and  the  seven 
plants.  Calculating  the  quantity  of  potassium  absorbed  by  each  set  of  plants, 
in  excess  of  that  absorbed  by  the  check,  and  averaging  the  percentages  ob- 
tained, it  was  found  that  the  potassium  available  for  plant  growth  in  the 
treated  soil  amounted  to  0.0252  per  cent,  and  in  the  untreated  soil,  0.0115 
per  cent.  These  are  practically  the  same  figures  obtained  by  Frear  and  Erb 
(3)  from  their  studies  of  these  soils  using  0.2  N  HCl,  namely  0.0250  and  0.0118 
per  cent  of  potassium,  respectively. 

SUMMARY 

This  preliminary  experiment  suggests  a  method  of  attack  for  determining 
the  availability  of  potassium  in  soils.  Although  the  results  are  meager  and 
do  not  warrant  any  definite  conclusions,  nevertheless,  there  seems  to  be  a 
close  correlation  between  the  quantities  of  potassium  absorbed  by  buckwheat 
plants  above  the  roots  and  those  obtained  by  the  use  of  0.2  A^  HCl  as  a  solvent. 
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A  STLDV  OF  TlIK  EFFECT  OF  II-IOX  (M)\(Jlv\TRATroX  OX  THE 
GROWTH  OF  MhUUCrs  (\\MJ>E.ST1U8  * 

Don  a  t.  d      F  i;  e  a  i:  ,     .1  .     V  .     S  t  v  k  i;     and     1 )  .     K  .      11  a  i.  k  y 

(with   (iNi:  I'h.i  i;i:') 

Introduction 

ll     |i;is    loliii'    been     UlloWII     lli;il     A  </il  /  Ki'  >    rti  nl  j  n  si  r !  s  ,    the    i'(  m  I  !  I  n  •  I ,     liiM->li- 

room,  izi'ttvvs  well  on  liorsc  iiimmi'c  \vlii<-li  li;is  been  partially  (Iccoinposcd.  In 
iii'der  lor  fruition  1o  occur,  liowcxcr,  the  niantirc  must  be  coxcrcd  with  a 
tliiii  lax'cr  of  soil  shortly  al'tei'  a  <>'oo(l  in\'cclial  (Icvclopiiunit  has  l)c('n  ol)- 
t;iiiK'(l  in  the  maiuirc.  I'mlcr  these  conditions  iiiushi'oonis  (level()[»  and 
mattii'e  o\e)'  a  jx'riod  of  sev(M'al  months.  Al  the  end  of  that  time,  however, 
the  i)r()duction  ceases  ami  before  the  medinm  has  been  depleted  of  nntrients. 
The  caitse  of  this  may  be  the  exhaustion  of  some  food  or  food  matei'ial.  a 
(•haH<ie  in  the  ])hysical  substratum,  llie  foi-mation  of  a  toxin,  or  a  chariL-c 
ill  the  reactioiiH)!'  the  iiUMlium.  Then  aizaiii  it  ma\-  be  due  to  a  combination 
uf  these  and  ])ossibly  other  factors.  In  ordei*  to  make  a  stud\'  of  any  sini>'le 
factor  affecting'  the  growth  of  mushrooms,  it  is  highly  desirable,  if  not  im- 
licrati\e,  to  «i'row  mushi'ooms  in  ])ure  cultures. 

Xvvy  little  investiurat ional  woi'k  has  been  done  on  the  ^irowinu-  of  mush- 
I'ooiiis  in  artificial  media.  Sex'eral  French  invest i«iators,  notably  l^)()Vi;i\* 
ll),  liax'c  urown  the  myccdium  on  a<iar  containin<j:  |)lant  decoctions.  1^>()\!:h 
found  that  the  best  growth  was  obtained  where  carrots.  finel\-  ^rotnid.  wei-e 
used  as  the  basis  of  the  culture.  l)i'(;«;\iv'  (2).  and  Fi:KM;rs().\  (3i  also  suc- 
cessfully «irew  mushrooms  on  synlhetic  culturt^  of  known  composition, 
althouuh  they  did  not  attempt   to  carry  their  experiments  any  fai'ther. 

The  object  of  this  exjx'T'iiiKMit  was  to  determine,  if  possible,  the  optimum 
ll-ioii  concentration  for  the  growth  of  the  mycelium  of  Af/dricus  cdDi  pt  si  ris 
>uu\  to  determim'  the  effect  of  the  (Uranism  up(Mi  the  i"(\'iction  of  the  nutri- 
'■iit  medium. 

Experimental 

The  medium  used  for  the  growth  of  the  mycelium  ol"  the  mushro(tm  in 
question  was  that  used  by  S'l'viii^  (4i,  who,  in  coopei'ation  with  Dr.  Tri'K, 
^f  the  rnivei'sity  of  Pennsylvania,  found  that  a  fair  lii'owth  could  be  ob- 
tained with  tli(>  followinii'  mixture: 

■^  A{>jii()\('d   ]>y   the    I'iicctcu'  of  th(>  K\|m'I  iinciit    Station   as   'rccliiiical    l'ai>(M    no.    I  }i). 
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l^luck  filt(M'  paper   (Wliatniun's  no.  29)   K'-O     S'ni. 

^       .                                                                                 (KO     ,^ni. 

Casein    

20  ec.  of  tlio  following  solution: 

Mi^SO. .  7    1[.,0     *'•**-   ^^• 

KH.,po. : "••'^^^• 

K.80.    ;';"!    ^f- 

F.'so, .  7  ir,()  '•  ""'*' 


(';i< 


r;ici' 


Thc"  dlfrciV'ncos  in  lixdroucii-ioii  coiicciit  r;i1  loii  wciv  oht ;i  iikm  I  hy  ji-Miii- 
v;i!-yin-  .•mioiltits  of  ;ici(i  '■  IL.SO,.  ;ir..M);iS('  (KOlI).  Olir  sd  .;r  .Mllluivs 
(P)    \v;is   iii.-i.lr    11].    ilsili-    in    UT.-ims   i^\    \\\r   hlnck    lill^.T    p;ii)rr    p. Ills   '_>(  I   re.  of 

(listill(Ml  walcr. 

The  cultuiv  imMlium  was  placed  in  iJOO  cc  Pyi'cx  Ki'hMinicyci'  flasks  aii.l 
the  llasks  ])liiffi>c(l  with  cotton  to  avoid  coiitamiiiation,  ai'tcM*  wliich  tluy 
were  sterilized  in  a  sieaiii  amuciaw  <u    i»-»  jm>uiu4.-.  i^i^.^.^lhv   ...iv.   .-  .  .-. 

DO  minutes.  The  ilasks  were  then  inoculated  l)y  introduein<]r  a  small  piece 
of  mycelium  from  a  i)ure  cultuiv  orowiuor  in  manure.  The  check  flasks  were 
treated    in   the    same   mannei'   as    the   otliei's,    except    that    tliey    were  not 

inoculated. 

After  inoculation  the  flasks  wei'C  removed  to  a  li^i-ht-i^roof  incu])ator. 
whicli  was  kept  at  27°  C.  by  means  of  an  electric  thermostat.  The  humid- 
ity was  Dreserved  ])v  means  of  ])ans  of  moist  splia^^num  moss,  in  which  the 
flasks  were  |)laced.  ()l)S(>i'vations  were  made  and  tlie  o-rowth  recorded  oaeli 
wTck  in  tei'ms  of  the  diameter  of  the  colony  in  centimeters.  The  flasks  were 
uniformly  8  cm.  in  diameter  at  the  base. 

The  media  were  extracte<]  with  50  cc.  of  distilled  water,  and  the  H-ion 

TABLE  I 

CoMPAinsoX    OF    THE    INlllAL    I'll    OF    IMIF    MKDIA    WITH    'IIIK    FIXAf.    I'lT 
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concentration  of  the   resultin«j^  solutions  were  obtained  hy  means  of  the 
potentiometer,  usino^  Bailey  electrodc^s. 

The  data  o^iven  in  tables  I  and  II  wx're  the  avera<i'es  ol)tained  from  tliree 
cultures  i^^rown  under  exactly  the  sami^  conditions.  1die  curve  of  orowth 
with  chano'c  in  pH  is  shown  in  tjo-.  1, 

Summary  and  conclusions 

F'tomi  i1m'  rofco, liijo-  jioiii'cs  it  may  be  scon  that  llic  host  urowtii  wa^ 
ohiaincd  iti  llic  ciilluros  wliicli  were  nearest  to  a  pi!  ol'  (».((,  althoiiLiii  the 
oi'uanisiii  was  toloi-;int  to  all  conditions  whicli  wore  iniposo(l  upon  it.  Tiie 
I'uhui'es  in  which  the  urowth  was  urcatest  changed  the  iva<-tioii  ol'  the  iikmIju 


4  5  pH  6  7 

ii<i-t.     (Jiowtli  of  A.  cdntiK  si ri.s  in  ichitiou   to  the  Ji-iou  coneeiitratioii  of  tlie   niediuni. 
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to  a  marked  extent,  as  evideiK-ed  by  the  marked  diffeiviiee  in  the  initial  and 
final  pll  in  eultures  I,  J,  K,  and  \j. 

The  authors  wish  to  thank  Dr.  R.  II.  True,  of  tlie  Tniversity  of  Penn- 
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INTRODUCTION 

Attention  has  been  repeatedly  called  to  variations  in  the 
agglutinability  of  strains  within  a  bacterial  species.  This  has 
been  especially  true  of  Eberthella  typhi.  Some  strains  of  this 
species  have  been  encountered  which  were  agglutinated  so  poorly 
that  they  could  not  be  used  in  the  Widal  test.  On  the  other  hand, 
the  extensive  study  of  Ishii  (1922b)  shows  many  hyper-  or 
spontaneously  agglutinated  strains.  Zinsser  (1923)  considers 
it  a  common  observation  that  no  tw^o  strains  of  a  species  are 
exactly  similar  in  their  agglutinability.  The  various  reviews  of 
bacterial  agglutination  published,  especially  those  of  ArkwTight 
(1914);  Tulloch  (1914);  Hooker  (1916);  Buchanan  (1919);  Ishii 
(1922  a  and  b);  Morishima  (1921)  and  Robinson  (1923)  make 
another  summary  of  the  literature  superfluous.  Therefore, 
reference  will  be  made  only  to  the  literature  which  deals  with 
Salmonella  pullornm. 

Extreme  variations  in  the  agglutinability  of  strains  of  Salmon- 
ella pidlorjim,  as  observed  by  the  senior  author,  led  to  the  investi- 
gation reported  in  this  paper.  Recently  several  mvestigators 
have  reported  similar  observations.     Alallman  (1925)  found  that 

'  This  is  a  resume  of  a  thesis  submitted  by  the  senior  author  in  partial  fulfill- 
ment of  the  requirements  for  the  degree  of  Master  of  Science  in  Agricultural  and 
Biological  Chemistry  in  the  Graduate  School  of  the  Pennsylvania  State  College, 
1926. 

» Published  by  Permission  of  the  Director  of  the  Pennsylvania  Experiment 
Station  as  Technical  Paper  430. 
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strains  vary  in  their  ability  to  be  agglutinated  and  questioned 
the  accuracy  of  the  agglutination  test  unless  strains  of  consistently 
high  titre  are  used.  May  and  Goodner  (1926),  after  finding 
considerable  variations  in  agglutinability  of  strains,  concluded 
that  *^it  seems  advisable  to  select  highly  agglutinating  strains  for 
the  routine  test  for  ovarian  infection  in  adult  fowls."  ( Uvatkm 
(1925)  has  also  found  that  all  strains  are  not  agghithiated  eciually 
well.  It  is,  therefore,  a];)i)arent  that  stnuns  of  the  s})ecies 
Sahnoju'lld  pullornin  may  show  as  much  \ririati()ii  in  ag<i;lutni- 
ability  as  those  of  Kbcrlhella  typhi. 

It  is  w^ell  to  call  attention  to  the  fact  that  the  environmental 
conditions  under  which  bacteria  are  grown  and  antigens  are 
produced  play  an  important  part  in  their  agglutinability.  A 
strain  may  vary  considerably  in  its  agglutinability  when  grown 
on  media  of  different  hydrogen  ion  concentration  or  sugar  con- 
tent (Ishii  (1922a)).  The  kind  and  concentration  of  salts  in 
the  suspending  menstruum  play  an  extremely  important  role 
(Northrop  and  DeKruif  (1922)).  Therefore,  before  one  can 
conclude  that  variations  exist  between  strains  of  a  species  it 
must  be  shown  that  all  environmental  conditions  are  uniform. 
It  seems  that  the  variations  reported,  both  for  Eberthella  typhi 
and  Salmonella  pullorum  occurred  under  uniform  environmental 
conditions.  It  is  true  that  each  group  of  investigators  used  a 
different  combination  of  environmental  conditions  but  considera- 
tion must  be  given  to  the  fact  that  each  supposedly  maintained 
uniformity  throughout  his  investigation. 

Bordet's  (1899)  observation  that  bacteria  are  not  agglutinated 
by  hnmune  serum  unless  salts  are  present  placed  the  phenomenon 
of  bacterial  agglutination  upon  a  colloidal  basis.  He  showed 
that  specific  bacterial  agglutination  consists  of  two  phases,  first, 
the  specific  adsorption  of  agglutinin  by  the  bacteria,  and,  second, 
the  agglutmation  or  precipitation  of  the  new  complex  by  the  salt. 
Agglutinin,  therefore,  itself,  does  not  cause  agglutination,  l)ut 
when  it  is  specifically  adsorbed  by  the  bacterial  cells  it  forms  an 
unstable  complex  which  is  precipitated  by  the  action  of  the 
electrolyte  of  the  suspending  menstruum.  This  change  of 
behavior  resembles  the  change  from  a  sta})le  hydrophilic  colloid 
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to   a   non-stable    hydrophobic    colloid    which    is    sensiti\'e    to 
electrolytes. 

Many  investigators  have  found  that  colloids,  when  suspended 
in  water,  are  electrically  charged.  It  has  also  been  shown  that 
when  placed  in  an  electric  field  they  migrate  generally  toward 
the  anode,  that  is,  that  they  are  negati\ely  charged.  The  stabil- 
ity of  colloidal  sus])ensions  is  dependent  upon  two  forces,  namely, 
repulsion  and  attraction.  The  mutual  rei)ulsion  of  the  cells  is 
due  to  like  cliarges.  On  the  other  hand,  surface  tension  which 
strives  to  reduce  the  free  surface  by  bringuig  the  ^articles  together 
acts  as  the  attractive  force.  Both  forces  are  constantly  at  work, 
except  at  an  absolute  isoelectric  point.  So  long  as  the  repelling 
force  is  the  greater,  the  particles  remain  in  suspension  but  if  the 
electric  charge  is  reduced  to  a  point  or  zone  where  the  attractive 
force  becomes  the  greater,  precipitation  or  agglutination  occurs. 

It  has  been  shown  in  the  summaries  of  Winslow,  Falk  and 
Caulfield  (1923)  and  Winslow  and  Upton  (1926)  that  the  relative 
charge  carried  by  bacteria  can  be  measured  by  the  relative  elec- 
trophoretic  migration  and  that  suspensions  of  bacteria  as  or- 
dinarily grown  are  negatively  charged.  Bacteria  remain  m 
suspension  because  of  the  repelling  action  of  the  like  electric 
charges  which  they  carry,  an  action  which  opposes  the  attrac- 
tive force,  or,  as  Northrop  and  DeKruif  (1922)  prefer  to  say, 
the  cohesi\e  force.  These  investigators  measured  both  the 
electrophoretic  potential  and  the  cohesive  force  and  found  that 
whenever  the  potential  difference  between  the  surface  of  the 
bacterium  and  the  suspending  menstruum  was  reduced  to  a})out 
15  millivolts  the  bacteria  agglutinated,  provided  that  the  cohesive 
force  was  not  affected.  If  the  cohesive  force  was  reduced,  the 
critical  ])otential  had  to  i^e  lowered  and  if  the  cohesive  force  was 
made  very  small  no  agglutination  occurred  even  if  the  potential 
was  reduced  to  zero.  They  found  that  bacteria  sensitized  with 
inunune  serum  had  a  constant  cohesive  force  and,  therefore,  it 
seemed  to  us  that  any  difference  in  the  relative  ability  of  strains 
to  be  agglutinated  must  be  due  to  differences  in  the  relative 
electroi)horetic  potential,  practically  to  differences  in  relati\e 
electrophoretic   velocity. 
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During  the  progress  of  our  work  Falk,  Jacobson  and  Gussin 
(1925  a,  b  and  c;  1926  a  and  b)  reported  upon  a  study  of  the 
relation  between  elect rophore tic  migration  velocity,  virulence, 
lethality  and  agglutinability  of  the  groups  of  pneumococci. 
Their  results  suggest  that  electrophoretic  potential  is  related  in 
soriio  fundfimental  manner  to  agglutinability  since  they  found  a 
se(iueii('e  of  decreashig  agglutinability  accompanied  by  a  se- 
f}uciu'0  of  increasing  electrophoretic  jK)tentiaL 

<)iiJECTI\i:s    AND     CJEXKKAL    RESULTS     OF    TilE     PRESENT 

INVESTIGATION 

The  investigation  reported  here  was  begun  during  the  summer 
of  1925  to  determine,  first,  if  strains  of  Salmonella  pidlorum  vary 
with  respect  to  their  electrophoretic  migration  velocity,  and, 
second,  in  case  variations  were  found,  to  study  the  quantitative 
relationship  to  agglutinability. 

Our  results  show  that  the  species  Salmonella  pullorum  bears  a 
negative  charge  and  it  is  clearly  evident  that  great  variations 
exist  between  strains  so  far  as  quantity  of  charge  is  concerned  as 
evidenced  by  the  differences  in  the  rate  of  electrophoretic  migra- 
tion velocity.  A'ariations  were  also  found  in  the  agglutinating 
ability  of  strains.  In  general,  the  sequence  of  decreasing  electro- 
phoretic migration  velocity  was  identical  with  the  sequence  of 
increasing  agglutinating  ability,  therefore,  there  appears  to  be 
a  quantitative  relation  between  the  electrophoretic  velocity 
and  the  agglutinating  ability  of  strains  of  this  species.  This, 
we  believe,  explains  at  least  in  part,  why  some  strains  of  a  bac- 
terial species  are  more  easily  agglutinated  than  others. 

TECHNIQUE 

Preparation  of  the  suspensiori.  Proteose-peptone  agar  ad- 
justed to  approximately  i)H  7.0  has  been  successfully  and  con- 
veniently used  for  the  cultivation  of  Salmoiiella  pullorum  by  the 
senior  author  during  the  past  several  years  and,  therefore,  was 
considered  suitable  for  this  investigation.  In  preparing  this 
medium  Difco  })r()teose-peptone  is  substituted  for  ordinary  pep- 
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tone  in   nutrient   agar.     Since   Shibley   (11)24)   found  that  the 
charge  carried  by  Esch.  coli  ysnied  until  the  culture  was  about 
eighteen  hours  old,  it  was  deemed  advisable  to  use  a  constant 
incubation   period   of   twenty-four   hours.     The   bacteria   were 
grown  upon  slants  at  37"(\     The  growth  was  removed  with  a 
^rnall  volume  of  0.85  per  cent  Nad  by  a  gentle  rotary  mo\emeni 
of  the  culture  tube.     The  suspension  was  then  shaken  with  glass 
!)cacls  to  break  u})  clumi^s  of  bacteria.  This  suspension  was  filtered 
through  cotton  to  remove  flakes  of  agar,  centrifugotl  :it  about 
2500  revolutions  per  minute  and  the  cells  resuspended  in  ().S7 
per   cent   NaCl.     The    washing   was   repeated   three    times  to 
remove  traces  of  peptone,  etc.,  because  DeKruif  (1921)  found 
that  such  impurities  affected  both  the  quantity  of  charge  and 
the   agglutinating   ability.     The   final   washed   suspension   was 
heated  for  one  hour  at  56°  to  58°C.  and  standardized  to  a  density 
which  corresponded  to  approximately  3  cm.  by  the  Gates  (1920) 
method.     The  suspension  thus  prepared  was  used  for  electro- 
phoretic measurements  and  agglutination  tests,  both  being  made 
the  same  day  that  the  suspension  was  prepared. 

Measurements  of  the  electrophoretic  migration.  The  apparatus 
used  in  this  investigation  was  similar  to  that  devised  by 
Northrop  (1922)  and  of  the  type  now  being  prepared  by  the 
Eimer  and  Amend  C'ompany  of  New  York. 

We  found  that  the  use  of  a  trace  of  dye  (methylene  blue;  in 
the  zinc  sulphate  solution  greatly  facihtated  the  filling  of  the 
electrode  chambers  and  prevented  an  excess  of  zinc  sulphate 
being  run  into  the  electrophoresis  cell  as  the  colored  solution  could 
be  seen  within  the  stop-cocks  with  much  greater  ease  than  the 
colorless  one.  Before  each  sample  was  introduced  into  the 
apparatus,  the  cell  was  washed  with  at  least  one  liter  of  distilled 
water  in  order  to  remove  even  the  slightest  amount  of  zinc  sul- 
phate which  might  have  entered  when  the  electrode  chambers 
were  filled.  During  preliminary  exi^eriments  we  found  that 
unless  the  distilled  water  was  removed  completely  with  NaCl 
solution  of  the  same  concentraticm  as  that  in  which  the  })acteria 
were  suspended,  diffusion  currents  were  produced  which  i)ie- 
vented  the  making  of  readhigs.     Therefore,  after  the  cell  was 
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washed  with  distilled  water  it  was  flushed  with  about  200  cc. 
of  0.85  per  cent  NaCl  and  finally  with  about  50  cc.  of  the  bac- 
terial suspension. 

A  direct  current  of  approximately  60  volts  was  applied,  which 
gave  a  potential  gradient  of  approximately  2.1  \'olts  per  centi- 
meter. 0})servations  were  made  with  (hrect  illumimitioii  .'iiid  a 
magnification  of  525  diameters.  All  measurements  of  elect ro- 
phoretic  velocity  were  made  by  timhig  with  a  stoj)-watch  the 
migration  of  a  gixen  l»actenum  across  a  (Ustance  of  ',V2  micra. 

Prelimhiary  readings,  made  in  order  to  deternhne  the  dei>th 
of  the  cell  and  the  level  of  maximum  velocity  taken  at  each  one- 
sixteenth  of  the  depth  of  the  cell,  when  plotted,  reproduced  the 
Smoluchowski  (1921)  curve.  This  suggested  that  four  readings 
be  made  between  six-sixteenths  and  nine-sixteenths  of  the  depth 
of  the  cell,  each  differing  by  one-sixteenth,  because  at  these 
levels  the  migration  was  fastest.  The  advantage  to  be  gained 
by  making  these  four  readings,  rather  than  readings  at  a  single 
level  or  at  certain  specific  levels  as  others  have  done,  lies  hi  the 
fact  that  a  greater  confidence  is  had  in  the  accuracy  of  the  values 
obtained,  for  they  can  be  plotted  and  it  can  be  obser\'ed  whether 
or  not  the  curve  obtained  passes  through  a  maximum.  All 
N'elocities  reported  in  this  paper  actually  did  this  very  thing. 
Readmgs  w^ere  made  upon  20  cells  at  each  level  and  an  a\'erage  of 
the  80  readmgs  are  reported.  The  current  was  reversed  after 
the  fifth,  tenth  and  fifteenth  readings  at  each  level.  We  believe 
that  this  system  of  reversing  the  current  is  of  distinct  advantage 
because  even  the  sUghtest  amount  of  driftmg  can  be  detected 
easily  by  unequal  migrations  in  the  two  directions.  The  results 
of  our  investigation  are  expressed  in  terms  of  micra  per  second 
per  volt  per  centimeter  since  the  Helmholtz-Lamb  equation  used 
to  convert  electrophoretic  migration  velocity  into  potential 
difference  is  questionable  as  discussed  by  Winslow,  Falk  and 
Caulfield  (1923). 

Determination  of  the  agglutinating  ability.  Antisera  from  two 
rabbits  immunized  with  strain  X-43  were  used.  The  usual 
procedure  for  macroscopic  agglutination  tests  was  employed. 
The  NaCl  needed  for  making  serum  dilutions  was  taken  from 
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the  same  lot  as  that  used  to  prepare  the  bacterial  suspensions. 
The  serum  was  diluted  to  each  dilution  in  large  tubes  and  then 
])ipetted  out  to  the  agglutination  tubes  so  that  all  suspensions 
would  be  mixed  with  serum  of  exactly  the  same  strength.  Rciid- 
iii^s  were  made  after  forty-eight  hours  incu])ation  at  37°C.  The 
fcsults   ar(^    presented   according   to   the   method   advocated   1  y 

lindlev  (  lUlVj. 

Cidlures.  The  IS  strains  used  were  from  widely  sej)aratcd 
sources  and  dales  of  isolation.  Ihilf  of  the  strains  were  isolated 
l)y  the  senior  author.  A-4()  and  X-Gl  were  from  infected  ovaries. 
X-48  was  from  the  heart  of  a  hen.  X-57  was  from  the  heart  of 
a  three-month-old  chick.  All  other  strains  were  from  either  the 
liver  or  heart  of  chicks.  All  strains  were  transferred  daily  for 
three  days  before  they  were  used  in  this  work. 

EXPERIMENTAL   RESULTS 

Our  first  experiments,  made  to  determine  the  experimental 
error,  showed  that  almost  identical  average  migration  velocities 
could  be  obtained  when  several  suspensions  were  prepared  from 
a  strain,  as  indicated  in  table  1.  These  suspensions  were  pre- 
pared as  described  above  but  from  separate  lots  of  agar  slant^s. 
An  inspection  of  the  data  shows  that  the  average  migration 
\elocity  of  any  suspension  did  not  vary  more  than  approximately 
3  per  cent  from  the  average  of  all  suspensions  of  that  strain, 
thus  confirming  the  accuracy  of  the  method  as  reported  by  Falk 
and  Reed  (192G). 

The  results  of  both  electrophoretic  measurements  and  agglu- 
tination tests  made  upon  18  strains  are  summarized  in  table  2. 

The  strains  were  grouped  according  to  their  agglutinabilities. 
In  general,  the  greatest  dilution  of  serum  at  which  complete 
agglutination  still  occurred  (titre)  was:  for  group  one,  about  100; 
for  group  two,  800;  for  group  three,  1600;  for  group  four,  3200 
and  for  the  homologous  strain  X-43,  3200.  The  average  electro- 
phoretic migration  velocities  were:  for  group  one,  -1.578;  for 
group  two,  -1.069;  for  group  three,  -0.955;  for  group  four, 
-0.722  and  for  the  homologous  strain,  -1.157.     This  indicates 
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TABLE  1 
.1  vernge  migration  velocities  (in  micra  per  volt  per  ccrUi meter )  of  repented  experimenia 


STRAIN 

SAMPLE 

VELOCITY 

AVF.HAOE  OF  ALL 
STRAINS 

VARI.AT10N8  FROM 
THi:   AVERA(iK 

X-40 

n 

-  1  i2;i 

0  028 

X-40 

b 

-  1  .0()S 

-    1  095 

0  ()27 

X  -4:5 

n 

-  1  or.s 

0  OOH 

X  -4;^ 

1. 

-1  ()7.s 

0  02S 

x-4;{ 

(; 

-1.015 

- 1  .050 

0.035 

Migration  velocities  and  agglutination  tests 
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MIGRA- 
TION 
VELOCrTY* 

AVERAGE 
OK  OROIPS 

AOGLUTIN.^TION 

STRAIN 

iSerum  dilutions 

SOURCE  OK  CULTURF, 

1 

3 

2 
1 

3 

0 

4 

0 

5 

0 

6 

0 

0 

8 

0 

9t 

0 

X-48 

-1.714 

Heart  of  hen 

B-93 

-1.280 

4 

3 

1 

0 

0 

0 

0 

0 

0 

Chick 

X-57 

-1.740 

-1.578 

4 

4 

4 

9 

1 

0 

0 

0 

0 

Heart       of       three- 
month-old  chick 

A-4() 

-1.176 

4 

4 

4 

4 

3 

2 

1 

0 

0 

Ovarv 

A-33 

-1.138 

4 

4 

4 

4 

3 

2 

0 

0 

0 

C;hick 

X-61 

-1.100 

4 

4 

4 

4 

3 

1 

0 

0 

0 

Ovary 

B-64 

-1.019 

4 

4 

4 

4 

2 

1 

0 

0 

0 

Heart  of  hen 

A -24 

-0.985 

c 

c 

4 

4 

3 

9 

1 

0 

0 

Chick 

i;-io4 

-0.995 

- 1  .069 

4 

4 

4 

4 

3 

2 

1 

0 

0 

Chick 

A-12 

-0  995 

c. 

c 

c 

4 

4 

2 

2 

0 

0 

Chick 

X-80 

-0  964 

4 

4 

4 

4 

4 

2 

1 

0 

0 

Chick 

B-71 

-1.047 

4 

4 

4 

4 

4 

3 

I 

0 

0 

Chick 

X-49 

-0  955 

-0.955 

4 

4 

4 

4 

4 

3 

1 

0 

0 

Chick 

X-52 

-0.993 

4 

4 

c 

c 

4 

4 

3 

0 

0 

Chick 

B-73 

-0.646 

c 

c 

4 

4 

4 

4 

3 

1 

0 

Chick 

B-74 

-0.627 

-0.722 

c 

c 

c 

c 

4 

4 

3 

2 

0 

(^lick 

X-43t 

-1.157 

-1.157 

c 

c 

c 

c 

4 

4 

2 

1 

0 

Chick 

*  Kach  average  migration  veU)city  represents  the  average  of  80  stop-watch 
readings. 

t  Serum  dilutions  1:100,  1:200,  1:400,  1:8{X),  etc.,  represented  by  1,  2,  3,  4,  etc. 
X  Homologous  strain. 


very  clearly  ii  relationship  between  the  electrophoretic  migra- 
tion velocity  and  the  agglutinability  of  the  species  SaL  pullorum, 
since  there  is  a  sequence  of  increasing  agglutinability  which  is 
accompanied  by  a  sequence  of  decreasing  migration  velocity. 
The  apparently  abnormal  behavior  of  the  homologous  strain 
X-i;^.  will  be  discussed  later. 

It  is  interesting  to  note  that  strains  isolated  i'rum  mature  birds 
showed  relatively  poor  agglutinability  and  a  high  charge. 

disc:  u  SSI  ox 

Since  electrophoretic  migration  velocities  can  be  measured  to 
an  accuracy  of  3  per  cent  and  since  a  total  variation  of  approxi- 
mately G3  per  cent  was  obtained,  it  appears  that  the  variations 
in  electrophoretic  results  reported  are  really  significant  in  view 
of  the  fact  that  these  variations  between  strains  were  observed 
under  uniform  environmental  conditions,  the  medium,  the  0.85 
per  cent  NaCl,  the  procedure  of  making  both  suspensions  and 
electrophoretic  measurements,  the  pH  and  the  temperature 
being  practically  identical  in  every  case. 

That  the  experimental  results  should  reveal  relationship  be- 
tween agglutinabiUty  and  electrophoretic  migration  velocity 
was  expected  as  a  result  of  an  application  of  fundamental  colloid 
chemistry.  Since  bacteria  behave  as  hydrophiUc  colloids  which 
are  changed  into  hydrophobic  colloids  by  immune  serum  (Wells 
(1925))  and  since  the  agglutination  of  the  hydrophobic  particles 
is  a  question  of  bringing  them  into  an  iso-electric  zone  (Northrop 
and  DeKruif  (1922)),  it  follows  that  the  charge  which  is 
represented  by  electrophoretic  migration  velocities  must  vary 
in  some  way  with  agglutination  tendencies.  It  is,  therefore, 
not  surprising,  when  all  experimental  conditions  except  the  nature 
of  the  organism  are  kept  constant,  to  find  that  the  series  repre- 
senting the  agglutinability  and  thiit  representing  the  electro- 
phoretic migration  velocities  appear  to  be  comparable. 

Strain  X-43  did  not  lend  itself  to  a  proper  placement  in  the 
series.  In  view  of  the  work  of  Shibley  (1924)  and  the  statement 
made  l)y  Falk,  .lacobson  and  Clussin  il926a)  namely  that  "the 
type  specificity  of  each  serum  is  as  plainly  e\ident  in  the  reduc- 
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tion  of  electrophoretic  potential  as  in  the  agglutination  of  the 
l^acteria,"  it  appears  that  we  should  not  have  expected  a  place- 
ment which  would  have  put  agglutinabihty  and  electrophoretic 
migration  velocity  in  the  same  relative  position.  The  placement 
tliat  was  obtained  is  just  that  which  is  to  be  expected  from  tlie 
lihove  work,  iiajuely,  better  agglutinability  than  the  chnrj-'C 
^-H  Ingests. 

Tliat  the  readhigs  obtained  with  strains  isolated  from  mature 
birds  showed  relatixely  poor  agghilinabihty  and  high  charge  is 
interesting  in  view  of  the  work  ])ublished  by  balk,  Jacobson  and 
Gussin  (1925a)  in  which  they  called  attention  to  the  fact  that, 
for  the  pneumococci,  charge  and  virulence  paralleled  each  other. 
Such  a  parallelism  is  suggested  here  on  the  assumption  that 
strains  from  the  adults  possess  more  virulence  than  those  from 
chicks. 

Attention  is  called  to  the  fact  that  work  is  now  in  progress  in 
which  an  attempt  is  being  made  to  vary  the  charge  of  the  organ- 
ism by  varying  the  components  of  the  medium  upon  which  it  is 
grown,  in  order  to  ascertain  whether  variations  in  agglutinabihty 
and  charge  can  be  given  to  the  organism  by  the  constituents  of 
the  growth  medium  to  such  a  degree  that  they  can  be  carried 
o\er  when  the  organism  is  suspended  in  various  suspending 
menstra.  This  work  should  throw  some  hght  on  why  different 
strains  should  have  different  agglutinabilities  and  different 
charge,  and  on  whether  work  in  this  field  can  be  dupUcated 
provided  workers  do  not  use  exactly  the  same  growth  and  sus- 
pending media. 

SUMMARY 

1.  The  use  of  a  dye  in  the  solution  used  to  hll  the  electrode 
chambers  faciUtated  the  filling  of  the  electrophoresis  apparatus. 

2.  The  Smoluchowski  curve  was  obtained. 

o.  It  is  suggested  that  greater  confidence  in  readings  is  ob- 
tained by  making  measurements  which  will  span  the  hump  of  the 
above  curve. 

4.  Electrophoretic  migration  velocities  were  determined  with  an 
accuracy  of  3  per  cent. 


5.  Eighteen  strains  of  Sal.  pallormn  studied  carried  a  negative 

charge. 

6.  Variations  of  over  60  per  cent  in  the  electrophoretic  migra- 
tion velocities  and  a  titre  ranging  from  about  100  to  3200  were 
obtained. 

7.  In  <2,cneral,  the  se([ucn('e  of  decreasing  elect  roplioretic  migra- 
tion \elocity  followed  the  se([uence  of  incix^ising  aggUit inability. 

S.  The  use  of  lumiologous  serum  produced  an  agglutinabihty 
superior  to  that  suggested  by  the  charge. 

!).  A  relationship  between  electrophoresis,  agglutinal)ility  and 
virulence  is  suggested. 

10.  Attention  is  called  to  work  in  progress. 
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Introduction 


Till'  term  ' 'l)iirn iii'j-  (|ii;ilil  ics" "  ;is  ;ip|)lii'(l  fd  siimkin-.r  tnbMcco,  iisiinlly 
iiicliidcs  si'\-('!';il  (lirr<Tr!it  cIciiH'Ht  s.  (  )  f  1  hoc.  ;i  ('(•(  HM  Hi  1 'j'  I*i  U  ai;.\'I,r  (9,  j).  S  ), 
llii'  fife  tioldiiii;'  (-;i  |  »;i('il  y.  thr  cN'Mmcss  ;iii(l  cdtn  |  )Ict  ciicns  of  cojiilnist  ion.  niid 
tli,>  cliiiriiclci'  oi'  the  ii^-li  ;ir<'  of  iii<»st  iiiiporl  ;i  ikm'.  A  !:iin\\|, '(!'_'■(•  of  llic  Inc- 
tors  iulliiciiciii,!-!'  the  hiiniiii*:'  <|ii;iliti('s  of  ci'j;i  r-lcii !'  tnbjicco  is  ol'  coiisidci'able 
iiuportancc,  both  I'roiu  the  standpoint  of  the  i)r(»(luc('i'  and  the  maiiufac- 
tiircr,  as  the  value  (d'  tobacco  for  ci<i"ar  inaiui  fact  lire  is  based  almost  wholly 
upon  these  (pialities.  Foi'  this  reason,  tlier(d'ore.  considerable  investi«i'a- 
tioiud  work  lias  been  conducted  u|)on  this  subject,  ami.  as  a  result,  it  is  iU)W 
known  that  several  factoi's,  especially  those  of  a  chemical  nature,  influence 
the  ''burn"  to  a  considerable  extent. 

Review  of  previous  investigations 

ScTiL()SiX(!  (23)  was  one  of  the  first  investi^'ators  to  study  the  chemical 
factors  atrectin*;'  the  burnin*'-  (pialities  of  tobacco.  lie  treated  tobacco  leaves 
with  various  salt  solutions  and  found  that  pota.ssium  salts  of  various  or«i'anie 
acids  were  decidedly  beneficial.  He  atti-ibuted  their  ell'ects  to  the  tendency 
of  these  salts  to  swell  on  heating,  thus  exposing  more  surface  of  cond)Ustible 
material. 

Bv  im|)i'egnating  lilter-pa|)er  with  solutions  of  various  salts.  Xksslkk 
(20,  )).  7;})  found  that  the  sul|)liate  ami  carbonate  of  |)otassium  increased 
the  firediolding  cai)acity  to  a  marked  degree.  He  also  (d)serve(l  that  ])otas- 
sinin  acetate  ])romote(l  combustibility  in  a  manm'r  similar  to  the  carboimte, 
although  this  salt  (hx's  not  i)ossess  the  power  to  sw(dl  when  heated,  at  least 
to  a  marked  degree.  ther(d'oi'e.  Sciiijisixc's  interpi'etat ion  of  the  catalytic 
effect  of  potassium  salts  of  oi'ganic  acids  was  |)i'()bably  not  correct. 

In  analyzing  the  ash  of  g()0(Ub»irinng  tobacco.  \ax  lii:.MMi:Li:x  (24)  al- 
ways fouml  a  greater  (pmntity  of  |)otassium  present  as  the  carbonate  and 
lesser  (piantities  as  the  chloride  and  sulj)hate. 

1  Piil.lislu'il  liy  pcriuissi(.ii  of  flic  Director  of  the  .Agricultural  K.xpcrimciit  St;itioii  ;i.s 
scientific  j);ij)er  no.  A'.V.). 

-This  iiivesti;i:itioii  \v;i>  coii.lucted  in  cooiiet ntioii  with  IM.  W.  W.  (J.\i;xKi;.  of  tlie 
r.  S.  P.urcau  of  IM.-int  Inchistry,  Office  of  I'lnnt  Nutrition  ;iii(l  Toh:icco  Investigations, 
find    I'rofessur    V.    P.    (!  \i;i».m:i;.    l)epaitinent    of    Agrdnoniy    of    the    Pennsylvania    State 
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Mayer  (16)  studied  the  influence  of  organic  and  inorganic  substances 
on  the  capacity  of  filter-i)ai)er  to  gh)AV  or  burn  witli  a  flame.  The  results 
obtained  with  inorganic  cojiipounds  were  siniihir  to  those  obtained  by 
Nessler.  In  addition,  he  found  that  nearly  all  organic  substances  promote 
burning  with  a  flame. 

It  has  been  suggested  by  liARTir  (2),  that  the  burn  and  characteristic 
<'-h)w  of  a  o-ood  tobacco  is  due  to  a  reduction  of  the  alivali  salts  to  oxides  and 
snwill  (|iian1iti('s  of  \'v('^'  iiH'tal.  and  thai  such  a  i-cdurtion  would  increase  the 
et'ficiencN'  ol'  these  metals  as  oxidizing  catalysts. 

J»i:iiki;ns  (4),  as  a  i-esult  of  his  in\-est igational  work  on  the  hui-n.iim' 
(pialities  of  tol)acco,  states  thai  a  high  content  of  potassium  in  comhinat  ieii 
with  citi-ic,  Jiialic  a)id  oxalic  acids  largely  determines  the  burning  (pialily. 
Garner  (9,  p.  19),  is  also  of  the  opinion  that  i)()tassium  in  such  combina- 
tions is  highly  desirable,  and  further  suggests  that  the  favorable  action  of 
the  carbonate  obtained  froiii  the  combustH)n  of  tliese  substances  may  be  <lue 
to  its  effect  of  functioning  as  a  catalyst  in  condjustion  by  taking  np  carbon 
dioxide  and  forndng  the  acid  carbonate  at  the  most  favorable  moment  and 
losing  it  later  on.  KRAvmi.E  (12),  however,  obtained  results  which  seem 
to  disprove  this  theory. 

RiDGWAY  (22)  found  a  striking  relationshij)  existing  between  the  fire- 
holding  cai)acity  and  the  degree  of  aggregation  of  various  salts  normally 
I)resent  in  tobacco  leaves.  Under  certain  conditions  of  curing,  it  appears 
that  there  is  a  noticeable  tendency  for  calcium  aiul  magnesium  to  crystal- 
lize as  malates,  citrates  and  oxalates.  As  these  bases  do  not  appear  to  i)ro- 
mote  the  firediolding  cai)acity  to  any  considerable  degree,  such  a  i)rocess  is 
desirable,  as  relatively  larger  (puintities  of  the  tissues  are  thus  left  free  to 
burn.  He  found  that  where  such  a  crystallization  did  not  take  place,  the 
burning  (piality  was  always  poor. 

According  to  Loew  (13,  ]).  :]8),  the  more  oxidizable  material,  and  the 
more  oxidation  going  on  within  the  tobacco  leaf,  tlie  more  will  the  crystals 
or  "grain"  develop  in  the  curing  and  sweating  processes  and  hence  it  will 
in  manv  cases,  although  bv  no  means  in  all,  confirm  the  idea  of  some  tobacco 

«.  7  C^  ft  7 

manufacturers  that  a  well-develoi)ed  grain  is  a  good  sign  of  the  (piality  of 
the  tobacco. 

That  chlorine  exerts  a  deleterious  effect  on  tlie  burinng  (luality  of  cigar- 
leaf  tobacco  is  (inite  definitely  established.  .Mayer  (14,  15,  16),  JJehkens 
(4,  5),  Nessler  (17,  18,  19,  20),  Fesca  (6),  (Jarner  (9,  p.  IS),  Ames  and 
lioLTZ  (1,  ]).  ]{)1),  Olson  (21,  p.  11),  Jenkins  (11,  p.  9.")),  and  others  have 
rei)orted  on  the  pool'  (piality  of  cigardeaf  t()))acco  fertilized  by  chlorine-con- 
taining material.  -Jenkins  (10)  also  states  that  while  some  chlorine  is 
absolutely  essential  for  the  devel()i)ment  of  the  tobacco  i)lant,  a  large  excess 
may  ])rove  deleterious  to  the  burn. 
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Some  work  has  been  done  to  show^  a  relation  between  the  water-,  ether-, 
and  alcohol-soluble  constituents  of  the  leaf  to  its  burning  quality.  Garner 
(9,  ]).  18),  mad(»  water  extractions  and  found  that  the  extracted  leaf  lost 
its  glowing  cai)acity.  On  examining  the  extract,  he  fouml  that  it  contained 
the  chloride,  sulphate,  nitrate,  malate  and  citrate  of  ])otassium,  ammonium 
and  nicotine,  and  small  (piantities  of  lime  and  magnesium.  Extracts  from 
both  g<)odd)ui-inng  and  j)oord)urning  leaves  contained  about  the  same  (pian- 
tiiics  of  potassiiiiii  but  the  i  n  feiaor  lea  f  ci)nt  ai  M»'(i  a  iiiiich  liiLi'h-T  p'Tceiit  age 
(if  mineral  acids.  llence  he  concluded  that  the  potassium  salts  of  organic 
;ici(ls  such  as  malic  and  citi'ie  are  the  chief  fac1(U's  cont  !"ollin<_;'  the  burn. 
Kxli'action  witli  alcohol  had  little  or  no  effect  on  the  buiai.  ll  has  also  been 
sliowii  by  (JAi^\i:ii  (9,  p.  <s  )  that  some  of  the  weaker  organic  acids,  on  the 
order  of  tannic,  in  combination  with  incotine,  are  (hdetei'ious  to  the  burinng 
quality. 

(Jkaiiam  and  Oarr  (7)  made  peti'oleum  ether,  sulphuric  ether,  alcohol 
and  hot  water  extractions  of  tobacco  and  showed  a  relation  between  poor- 
burning  ([uality  and  a  high  extractive  content.  They  showed  that  tobacco 
fertilized  with  sodium  nitrate  or  muriate  of  potash  yielded  a  high  amount 
of  extractives. 

Purpose  and  plan  of  the  experiment 

The  ()])ject  of  this  investigation  was  to  make  a  study  of  the  chenncal 
eonii)osition  of  a  given  strain  of  cigar-leaf  tobacco'  in  relation  to  its  burn- 
ing (pialities,  ])ar'ticularly  as  regards  its  fire-holding  capacity.  Particular 
attention  was  to  be  given  to  the  determination  of  the  (piantity  of  ether- 
soluble  organic  acids  })resent  in  cured  ami  fermented  sam[)les,  ami  also  to 
their  form  of  combination,  as  measured  by  the  water-soluble  and  insoluble 
alkalinity  of  the  ash.  In  addition,  the  etfects  of  chemical  treatments  and 
climatic  conditions  were  to  be  given  due  consideration. 

^Materials  ised 

P]ighteen  |)lants,  carefully  s(dected  from  each  of  ten  ])lots,  l/-3()tli  of  an 
acre  in  area,  located  at  Ej)hrata,  Lancaster  Oounty,  Pennsylvania,  were 
harvested  at  the  end  of  the  growing  season  in  l!)2r)  and  removed  to  the 
curing  shed,  where  they  were  air  cured.  These  samples  were  tfd\en  from 
the  shed  at  the  end  of  the  curing  season  ami  dri<Hl  under  laboratory  con- 
ditions. When  they  were  thoroughly  dry,  the  leaves,  stems  ami  stalks  were 
separated,  finely  ground  and  transferred  to  air-tight  containers  and  kei)t 
for  analysis.     This  same  ])r()cedure  was  followed  in  1{)2(). 

The  chemical  treatment  of  the  i)lots  from  which  the  samples  were  taken 
i.>  shown  in  table  I. 

•' IhBsnMAX  strain,  I'ciinsylvania   nroacUoaf. 
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IMetiiods  of  analysis 

In  (lt'tei'nunin<»-  the  total  organic  acid  content  ol'  the  dii't'erent  samples  oL* 
tobacco,  10  i^ranis  oi*  the  material  wei'e  transferred  to  a  porcehiin  evapo- 
rating" dish  and  15  cc.  ol"  a  20  per  cent.  IL.SO^  sohition  ad(U^(L  The  mixture 
was  tlien  stirred  tlH)rou«>hly  l)y  menus  of  a  sj)atuhL  and  fhially  enonj-i'li 
powdered  pumice  stone  was  aihUnl  to  nnike  tlie  mnss  appear  fairly  dry.  Tlie 
iiiixture  was  then  placed  in  a  paper  thimbh'  and  cxI  racteil  with  anhxdrous 
,.l|i\!  el  her  I'oi'  "J  }  li(»n  rs.  To  1  lie  r!  Iicr  cxt  lar!  \\;i^  added  L**'*)  cc.  nf  water, 
llu.  ctli.'i'  all(»we(l  1(»  exapnrate.  llie  soliilion  cooled,  filtered  ;iiid  made  up  to 
;i  Milinne  of  'JoO  cc.  Aliipaots  oi'  'Jo  cc.  were  then  takt  n  and  titraleil  with 
(Mil  .\.  ,\a(  M  I ,  ii-^inu  phenol  phi  hale  in  as  nn  indie.-iiin'. 

Jn  determininti'  the  ciaide  ash  and  alkalinitx'  of  the  a^h.  li  .ui'ams  of  the 
sample  were  Iransferi'cd  to  a  ])latinum  dish  and  carefully  charnMl,  tlie  resi- 
due treated  with  water  and  filtered.  The  inso]u])le  portion  was  ])laced 
a^ain  in  the  dish  and  i«inited  to  constant  weij^lit.  The  filtrate  was  next 
added  to  the  dish,  evaporated,  and  tlie  total  I'esidue  carefully  heated,  cooled 
and  weiijhed.      The  wei<iht  of  the  residue  was  calculated  as  crude  ash. 

About  150  cc.  of  hot  water  wei'c  next  added  to  the  crude  ash  and  filtered. 
The  residue  on  tiie  filter-i)ai)er  was  washed  well  and  the  filtrate  obtained  was 
titrated  with  X/10  ILSO^,  usino-  methyl  oran«»'e  or  xylene  cyanal  nudhyl 
orange  as  indicator. 

The  residue  on  the  filter-i)ai)ei'  was  then  placed  in  a  i)latiiHim  dish, 
ticated  with  an  excess  of  X/IO  II.SO,,  and  the  solution  heated  to  boilint^ 
and  filtered.  'Idle  excess  acid  was  then  titratecl  with  XaOll  standai'd  solu- 
tion and  the  insoluble  alkalinity  was  calculated  accordin,i>ly.  The  usual 
methods  of  analvsis  were  em])l()ved  to  determine  the  remainin*^'  constituents. 

Experimental 

EXI'EKLAIENT    I 

Samj)h's  of  th(>  1!)*J5  crop  wei'e  taken  and  the  moie  important  constitu- 
onts  of  the  web  dctei'nuiuMl.      'Hie   results  ()l)taiiied  ai'c  «iiven   in  table  11. 

EXFEKIMENT    II 

The  total  ether-s()lul)le  oruanic  acid  content  of  the  stems,  stalks  and  wel) 
poi'tions  of  the  cured  sami)les,  and  also  of  the  leav(N  of  the  fermented  sam- 
ples w(M'e  determined.  In  addition,  the  total  watei'-soluble  and  insoluble 
alkalinity  of  the  web  jioi-tions  of  the  cured  material  were  likewise  d(Mer- 
mined. 

The  num])ei-  of  cc.  of  X.  XaOlI  re(piired  to  neuti'alize  Ww  ether-soluble 
organic    acids    in    100    j^rams    of    the    air-drv    nniterial,    and    the    number 
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TABLE   II 

The  rEKcT.NTAcp:  compositiox  of  the  weij  of  cuked  tijbacco  eeaves  of  the  1025  chop  as 
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ol*  (•('.  oL*  X.  11, SO.,  re(|uired  to  iieuti'alize  llie  alkalinity  of  tlio  asli  of  100 
«iranis  of  the  same  matoi'ial  arc  «>ivon  in  ta])le  W. 

Expi:himi:xt  III 
Samples  oL'  the  1920  crop  wciv  taken  after  eurin«j:  and  determinations 
made  of  ei'iide  ash,  chlorine,  lime,  maii'iiesia  aiul  potash  content  of  the  web 
jiortions.     In  addition,  the  alkalinity  and  etlier-s()lu])le  oi'^anic  acid  con- 
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tent  were  also  determined  on  the  same  samples.     The  results  are  presented 
in  tahle  III. 


TABLi:    IV 
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Experiment  IV 


Samples  of  the  web  portions  of  the  cured  leaves  ol'  the  1925  and  1926 
crops  were  taken  and  their  hydro<iTn-ion  concenti'ation  determined  by  the 
quinhydrone  method  (3).     The  results  obtained  are  <>iven  in  table  V. 


TAHLK  Y 

TllH    UVU-UOGK.N   iOS    <  UM   I.  N 'IIC  AT  1<  )N    Oh'   'I' I  i  F.    Wr^T,    .\ 
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EXPEHLMENT    V 

Bu]'nin<j:  tests  were  conducted  on  stri|)s  of  the  fermcnt(Ml  leaves  of  the 
1925  and  192(5  cro])s  of  to1)acco.  These  strij)  tests  of  tlu^  fermented  tobneco 
are  shown  in  table  VI. 

TABLE  VI 

Strip  TF.sTsi'  of  tiik  P.'i'-")  axd  1!»-<)  ckops  of  tobacco  aftkk  fekmkxtatiox 


Pr.OT 


A-  1 

A-  2 
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A-  C. 
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B-  1 
n~  '2 

n-  :{ 
n-  (5 
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F;iif   to   jfood 
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t.. 

fiiio 

F;iir 

F;iir 

to 

^00(l 

■'»  Definitions  of  tciins  in  strip  tests: 

Yvry  j.oor  =  tol);i('(-o  docs   not  liold   fir(\      Coiils  li;idl_v. 
Poor  r^  toli.'icco   ludds   tire   liiit    ;i    few   seconds.      ("o;iIs   h.'idly. 
F.'iir  ~  toliiicco  ludds  tiic  o\('r  five  seconds.      ('o;iIs  niotlei'.'it ely. 
flood  1- toI.Mcco  liolds  lire  cNcnly  over  ten   secoiuls.      ("o;ils  slij^litly. 
Fine  ~  tol.ncco  holds  fiic  evenly  until  consunKMl.      ('o;ils  very  sli^'htly. 
Fx('(dlent -^  tol);icco  Inirns  evenly  until  consnined  without   co.'ilin^  ;ind  with  ligl't 
colored  ;ish. 
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Weather  conditions 

Certain  observations  were  made  as  to  the  weather  conditions  which  i)i'e- 
vailed  during'  the  «>rowin<;'  seasons  of  1925  and  192().  In  1925  the  tempei'a- 
ture  was  rehitively  liimh  from  May  31  st  until  fJune  10th,  and  no  precipita- 
tion occuri'cd  until  .Juiu^  25th.  fluly  was  marked  by  severe  electrical  storms 
and  licaxy  \vashin<_i'  fains.  T1k»  tcmixTnt ufc  I'osc  li'iadually  diiriiej!:  the  fii'st 
luii  weeks  i»r  llic  ninnili  of  Aii<j:iist.  .\n  r.-iiii  nccu  rrc<l  froiii  Auuiisi  ].")ili 
1(1  SeptciulxM'  l-"»tli.      The  pl;itits  were  !i;i  lAcslcd  shoi'lly  ;iric!-  this  pi'rind. 

Tiif  wcnlhef  cDtidit  i^ns  Tor  l!)2li  were  (juilc  difrciciil.  It  w;is  mkhsI  ai.d 
cdtil  initi!  .Iinic  lOlh.  ;i!'tt'r  whiidi  lime  llic  t  cm  pci';il  u  i  c  to^c  tn  ;i  r(l;ili\-c!y 
liiuli  deiiiH'c  and  se\ci'e  slofitis  occui'i'etl  diirinii  ihis  liol  period.  Tlic  hot 
weather  continued  through  July  and  .Vuj^ust,  but  rain  storms  were  (piite 
frecjuent,  breakin«»:  all  ])revi()us  i-ain  records  for  Auuust,  and  the  excessive 
heat  lasted  until  the  plants  wc^'e  harvestiMl,  Followinti"  are  the  fi<>ures 
showing  the  actual  j)reci[)itation  during-  the  growing  season  of  1920. 


;^^o^-TIl  Ratxfat.l 

inches 

Juno  4.;U 

July   4.57 

Aui^ust  !».12 

Septeinl.ei-    4.17 


Xo  accurate  nnuisui-ement  of  the  I'ainfall  during  the  growing  ])ei'iod  was 
made  in  1925,  but,  on  the  whole,  the  preci[)itation  was  much  less  than  for 
the  season  of  1920. 

Discussion  of  results 

Kxpei'iment  I,  table  II,  shows  that  the  (diemical  comj)osition  of  the  1925 
frop,  from  an  (demental  standpoint,  was  rathei'  constant  regardless  of  the 
fertilizer  treatment.  Moi'c  chlorine,  however,  was  found  in  the  plants  re- 
ceiving (ddorine-bearing  com|)oun(ls.  The  wattM'-soluble  and  insoluble  alka- 
linity of  tlu^  ash  also  varied  to  a  c(Mlain  extent  as  shown  by  e\j)eriment  II, 
liihie  IV.  The  foi'ui  of  potash  used  ai>pcared  to  play  a  pai1  in  causing  this 
vai'iation.  Whei'c  the  plants  receivcMJ  muriate  of  potash,  the  watei'-soluble 
alkalinity  was  less  as  a  rule  than  where  thi^  sulphate  was  used.  A  higher 
total  alkalinity  was  obtained  where  potassium  nitrate  was  aj)i)lied.  This 
tahle  also  shows  a  very  wide  |)otassium-cahdum  ratio,  a  wider  ratio  than  is 
coianioidv  found  in  uood  burning  tobacco. 
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Analyses  of  tlic  croi)  of  1!)2(),  aeeorainj^-  to  experinu'iit   III,  ta])le  111, 
show  that  approximately  the  same  (piaiitity  of  ehlorine  was  present  as  in 
the  1925  ei'op.     On  the  other  hand,  the  lime  and  mai»nesia  eontents  wore 
lower  and  the  potassium  eontent  was  higher  in  the  192(;  samples,  hut  the 
l)Otassium-eaU'ium    ratio   was    still    too    wide    for   satisl'aetory    eomhustion. 
Whei-e  ehlorine  w;is   present   in   ivhitively   lai'iiv  (luantities,   a    low  watcr- 
soluble  nlkalinity  of  tlie  ash  was  a-aiii  ap!)ai'ei.1.     Dn  the  whole,  howevrr, 
tlic  \va1or-s.)liil.h'  alkalinity   of  tlic    l!)2(i  ci-op   was  lii-l.rr  thati   iha.t   oi   Th,. 
Ifl-J.')  (-rop.      'riie  principal   rcsuhs  oMaincMl   from  these  in  vest  iiiat  ions  sIk.w, 
with    iVw   I'xceplions.  that    tluTc   is  a   convhit  ion   l.ctwccn   the  walcr-soUihli' 
;,ll-;,|i,iil_v   of  the  vjitnpN'^  and   tlirir  huniinu'  (pialitir^.  and   that    this  (.flVci 
is    more  "pronounced    than    that    of    the    relative    (piantity    of    et  liei--s(.lul)le 
oroanie  aeids.     It   api)eai-s  evident   also  that   the   form  and  amount   of  pot- 
ash, and  to  a  certain  extent  the  season,  have  a  i»reat  deal  to  do  with  the 
total   ([uantity  of  water-soluble   jdkalinity   present.     If   this   is   ti'ue,   it  is 
important  to  aeeount  for  these  effeets. 

Owini^  to  the  limited  number  of  sami)les  studied,  it  would  not  be  proper 
to  draw  many  definite  eonelusiims,  but  it  ai)peai's  that  these  sam|)les  con- 
tain too  little  ])()tassium  and  too  ^i-eat  a  cpiantity  of  calcium  for  the  most 
desirable  combustion.     The  data  also  indicate  that  the  sulphate  of  ])otash  is 
more  desirable  as  a  earlier  of  potassium  than  is  the  muriate.     If  potassium 
functimis  normally  within  the  plant,  it  must  act  as  a  base.     (N)mbined  with 
chlorine  or  sulphur  it  does  not  have  the  desirable  ])r()perty  of  neutralizini: 
oroanic  acids  to  any  c.msiderable  extent.     As  chlorine  is  not  normally  le- 
(piired  in  any  laroe  quantities  by  the  tobacco  ])lant,  it  would  probably  tend 
to  i-emain  in  combination  with  ])otassium,  at  least  to  a  ceiiain  extent.     On 
the  other  hand,  sulphur  may  be  utilized  in  relatively  lar<»e  (piantities,  and 
under  these  conditions  more  potassium  wimld  be  irndeird  availabl(>  for  the 
neutralizatimi  of  oroanic  acids.     As  a  mattei-  of  fact,  however,  analyses  of 
the  plants  showed  that  the  sul])hur  content  was  not  incivased  by  the  addi- 
tion of  sulidiates,  so  the  ivason  for  the  difference  in  the  basic  ])i-opei'ties  of 
])otassium  from  the  sulphate,  as  com])ared  with  the  muiiate,  nuist  be  sought 

(dse  where. 

It  is  a  welhknown  fact  that  the  ])rincipai  rei)laceable  base  of  soil  col- 
loids, in  a  calcnrecms  district  such  as  Lancaster  (N)unty,  Pennsylvania,  is 
calcium,  and  that  the  addition  of  potash  salts  to  su(di  a  soil  should  lead  tn 
the  replacement  of  calcium  fi'om  sucdi  combinations  and  the  foi'inatiou  d 
calcium  salts.  At  the  same  time,  it  is  possilde  to  ivvei-se  this  process.  In 
other  words,  there  is  a  cimipetition  existin<jr  between  calcium  and  potassium. 
whereby  either  one  or  the  other  <i()os  into  colloidal  cond)ination.  1  nder 
laboratory  conditions,  a  sample  of  soil  may  l)e  ti'eated  with  mui'iate  of  po^ 
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ash  and  the  rei)laced  calcium  may  be  completely  I'emoved  by  leachin<»\  leav- 
ing- })()tassium  behind  in  ])asic  foi'm.  On  the  othei*  hand,  it  is  (pdte  i)ossible 
to  remove  all  absorbed  potassium  by  the  use  of  a  sidution  oT  calcium 
chloride,  ]eavin«»-  calcium  behiiid  in  colloid  c()m])inati()n  and  in  basic  form. 
Undei'  natural  conditions,  neithei-  of  the  above  effects  is  evei'  obsei-ved,  l)ut 
a  relatively  diy  year,  sucdi  as  in  1925.  would  have  a  different  effect  on  the 
availahilitx-  of  potassium  than  would  a  compaiat  ixcly  wet  \-ear.  as  in  l!)2(i. 
('Mtitimial  lr;!cliiiiu-  <)f  llie  soil  would  lia\.'  tlie  elVect  oi'  reiM leri iiu'  potassiuiii 
available  lor  absorption  in  basic  fonn  l,y  tlie  tobacco  i»lants.  while  smdi  a 
cdiidition  would  not  hold  tiaie  under  relati\(l\-  di'v  conditions  where  sohi- 
hh'  calciuni  salts  lend  lo  accuinulatc  in  the  npper  sod  l.-ixci's.  I  ndcr  ilic 
lonner  conditions  the  tendency  would  be.  in  the  liuht  of  our  |. resent  knowl- 
edge, for  i>()tassium  to  assume  the  cai'l)ona1e  foi-uL  Viulvr  the  latter  con- 
dition, i)otassium  would  tend  to  assume^  the  form  of  the  nuiiaate  or  sulphate, 
as  the  case  may  he.  These  I'casons  would  tend  to  explain,  in  a  measure,  the 
beneficial  (dVects  of  a  wet  season  on  the  l)urnino'  (pudities  of  Lancaster 
County  cioar-leaf  tobacco,  but  would  not  necessaidly  hold  true  to  any  aj)- 
])reciable  extent  on  soils  lacking'  in  colloidal  matei-ial,  unh'ss  the  j)resence 
of  relatively  lai'iie  (piantities  of  cahdum  tends  to  inhibit  the  maximum 
absorption  of  potassium  by  ])lants. 

The  ])enefi(dal  effect  of  sulphate  of  potash  in  a  diy  year,  as  com])ared 
with  the  muriate,  may  be  due  in  })art  to  the  diffei-ence  in  cliemical  activity 
of  the  calcium  comi)ounds  formed  where  these  materials  are  added,  the  sul- 
phate beino;  more  insoluble  and  less  active  dieinically  than  the  (diloride.  and 
not  havino'  th(>  power  of  rejdacinn-  potassium,  which  is  possessed  by  the  lat- 
ter under  ordinary  conditions. 

On  the  whole,  the  hydrogen-ion  concentration  of  the  1!I2()  ci-oj)  was  movo 
nearly  neutial  than  the  1925  erop.  This  would  tend  to  have  a  desirable 
t'ffcct  on  the  burn  in  an  indirect  manner,  as  it  would  moiv  nearly  approxi- 
mate the  optimum  conditions  for  oxiclase  activity  in  the  cuiin*-  and  fer- 
mentation {)rocesses. 

Summary  and  conclusions 

This  invest iojit ion  had  for  its  purpose  the  stiid\-  of  the  (d'fect  of  c(utain 
f'onstituents  of  the  leaf  in  r(dation  to  the  burnin«r  (piality  of  (diiardeaf  to- 
hacco.      As  a  result  of  these  studies  the  I'ollowiiuj  con(diisions  seem  justified  : 
b    The   ethei'-soluble   ()i'<'anic   a(dds   of   the    idant    appear   to    occui'  almost 
wholly  in  combination  with  the  alkali  and  alkali  earth  metals,  as  mea- 
sured by  the  water-soluble  alkalinity  and  insoluble  alkalinity  of  the 
ash  respect iv(dy. 
-•    In  practically  all  cases  there  is  a  i)ai"all(dism  betw(>en  the  burning'  (piali- 
ties  and  the  water-solu])le  alkalinitv  of  the  ash. 
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3.  Tlie  season  and  the  form  of  ])otasli  su])i)lied  as  a  fertilizer  afteeted  the 
water-soluble  alkalinity  of  the  ash  in  praetieally  all  eases. 

4  The  ])hen()menon  of  base  exehanoe  in  the  soil  and  the  removal  of  eertani 
active  substances  throuoh  leaehini*'  i)robably  have  eonsiderable  to  do 
'rith  the  burn  and  eomi)osition  of  tobaeeo,  but  the  diftleulty  involved 
..  the  absorption  of  i)otassiunL  under  different  e(mditions.  in  hiohly 
-olh.idal   s.)i!s  such  as  lliosc  ni    llie  expeninenlal    i>lo1s.  should   als,,  U' 

"i\(Mi  (Miiisidcral  inii. 
'Hh.  linic  .M.nlcnt    ..f  llie  sninph's  usrd    in   llils  vx\n'v\mvni    w;,>   1...,  hiuj, 
;,,,.!  the  potash  rniitcnl   In,,  'minv   mr  tuaxiinuni  buniin-  .pi.-ilhy.      Vui- 
11,,. r  \\..ii<  is  in   prciiivss  rrhniv.'  P.  in,-iv;iMii-  l!ir  pntn^ti  runicnl   ;,ip1 
h)\verin-    Ihe    eah'ium    cnnteiit    ol     lfi<'    tobac-o    -lowii    m     l.ancasUr 
(\mntv,  Pennsylvania. 
The  authors  take  ph^nsui-e  in  aeknovvledii-ino'  the  invaluabh'  assistance  of 
^Ir.  R.  (J.  lli'diiKS  and  others  who  aided  in  the  analytical  woik. 
Dkcaktmkxt  of  AciKicri/rniAT.  and  P.ioi^oiacAi.  ('in-.MisTi:v, 
Pfaxsylvaxia  State  Colt.lck. 
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The  data  given  in  table  1  are  from  certain  i)lots  of  a  fertilizer  experiment  with 
vegetables  in  rotation.  This  ex[)eriment  had  been  in  progress  for  ten  years 
when  these  summaries  were  compiled.  The  rotation  consists  of  early  cabbage, 
early  potatoes,  tomatoes,  and  wheat  followed  by  grass  and  clover  in  the  order 
named.  Complete  summaries  for  the  first  ten  years  of  the  experiment  are 
published  in  bulletin  210  of  the  Pennsylvania  Agricultural  Experiment  Station. 

TABLE  1 
The  effect  of  muriate  of  potash  on  yields  from  ammonium  sulfate 


CKOP 


Early  cabbage . 
Early  pjotatoes. 
Tomatoes 


MEAN  YIELDS  IN  TONS  PER  ACRE 


-a 
a 


5  o 

c  a 

< 


8.73 

2.61 

10.22 


B 


C 

fa 

V 

4-rf 

C   n> 

3  o 
"2  a 


10.60 

2.98 

11.13 


c 


o  ex's 
o  «  o 


7.59 
2.54 
9.44 


D 


♦J   4>   re 

b  </^  o 

^  art 


c^ 


11.42 

4.07 

14.72 


B  -  A 


«->  <-> 
rt  rt 

3  a 


-? 


rt  *  o 


O 


1.87 
0.37 
0  91 


D-c 


B  </>   Q, 

3  a  4; 

•5 13  rt 
°"S  3 

o  «  E 

rt  >  •» 

O 


3.73 
1.53 

5.28 


ODDS*  BY  "students" 

METHOD  THAT 

DIEFERENCES  ARE  NOT 

DUE  TO  CHANCE 


B  -  A 


54.5:1 
17.1:1 
4.37:1 


D-c 


535.0:1 
216.0:1 
132.0:1 


*  Odds  less  than  30 : 1  show  that  the  significance  of  the  difference  is  questionable. 

The  respective  carriers  supplied  the  following  plant-food  materials  per  acre:  N,  60  pounds; 
P»0,,  100  pounds;  KjO,  80  pounds. 

From  these  data  it  appears  that  the  addition  of  muriate  of  potash  decreased 
the  availability  of  the  nitrogen  in  ammonium  sulfate  in  these  soils.  In  order 
to  ascertain  whether  this  was  true,  the  following  experiment  was  undertaken. 
This  investigation  involves  a  study  of  the  effects  of  potassium-  and  chlorine- 
bearing  compounds,  alone  and  in  combination,  on  the  nitrification  of  am- 
monium sulfate. 

*  Approved  by  the  Director  of  the  Experiment  Station  as  Scientific  Paper  No.  443. 
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PLAN  OF  THE  EXPERIMENT 


Soil  was  obtained  from  the  strips  separating  the  different  tiers  of  the  ex- 
perimental vegetable  plots.  These  strips  were  in  sod  and  had  received  no 
fertilizer  for  ten  years.  One  hundred-gram  portions  of  this  soil  were  taken 
after  being  screened  and  mixed  with  the  different  chemical  compounds  accord- 


TABLE  2 
Chemical  trealments  of  the  different  series 


BEAK^KR 

NUKBER 


TRKATMKNTS      KATK   PKR  A.("Mi. 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


u 


pounds 


160 


160 
160 


c 
u 


pounds 


148 


o 

C/-J 


pounds 


137 


160 
160 


o 
i4 


pounds 


pounds 


137 
137 


148 
148 
148 
148 


137 
137 


236 


as 


pounds 


ri 


pounds 


137 


217 


236 
236 


1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 


y. 


pounds 


275 


400 


400 


400 


400 


400 


400 


400 


400 


o 

■-Tj 


X 

y. 


pounds 


400 


311 


311 


311 


311 


311 


311 


311 


311 


X 

y. 


Pound^i 


311 


252 


All  applications  of  K  supply  approximately  the  same  amount  of  this  element.  The  same 
holds  true  for  nitrogen.  With  the  exception  of  RCl,  all  ciilorine  treatments  carry  the  same 
quantity  of  chlorine  as  used  in  the  form  of  XH4CI. 

ing  to  table  2.  The  samples  were  then  placed  in  150-cc.  beakers  and  the 
original  moisture  content  of  26.8  per  cent  was  maintained  by  adding  distilled 
water.     Twenty-five  series  were  set  up ,  with  8  replicates  in  each  series. 

The  beakers  were  covered  with  opaque  cardboard  which  was  weighted  with 
glass  panes,  and  above  these  was  placed  moist  sphagnum  moss.     The  whole  was 
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kept  in  a  dark,  well-aerated  chamber.  Moisture  was  added  as  lost  from  time 
to  time.  At  the  periods  stated  in  table  3,  two  beakers  were  taken  from  each 
of  the  different  series  and  the  nitrate  content  determined  by  the  phenoldi- 
sulfonic  acid  method.  At  the  end  of  7  weeks  the  soil  in  the  beakers  then 
remaining  was  taken  out,  mixed  thoroughly  and  returned  to  the  beakers, 
and  brought  to  the  proper  moisture  content.  This  was  done  in  order  to  im- 
prove the  aeration  of  the  samples. 

'1  A'ii.i-;  ^ 
\ ilrdtr  prmiiniion  as  niodiued  by  ehcmical  trealnifnt 


MTMBKR 

(,ir  1 

STITV  OK 

\(  ',-:  I^Kom 

ClI) 

(t  F 

TK1.ATMKN  r 

BEAKER 

3  weeks 
P.p.m. 

5  weeks 

7  weeks 

10  weeks 

p.p.m. 

p.p.m. 

p.p.m. 

1 

Nothing 

6  4 

10,0 

40.0 

38.9 

2 

KCl 

9.1 

14.7 

25.1 

37.0 

3 

K2SO4 

13.3 

18.6 

25.4 

40.2 

4 

K^COa 

6.3 

14.1 

22.5 

41.7 

5 

CaClj 

-^.2,* 

7.4 

18.0 

44.9 

6 

NaNO, 

15.4 

15.4 

7.1 

45.3 

8 

NaNOj  +  KCl 

15.4 

11.1 

14.3 

43.2 

10 

NaNOa  +  K2SO4 

-6.9 

11.7 

20.7 

42.1 

20 

NaNOa  -f  K2CO3 

42.7 

0.6 

3,.Z 

54.7 

24 

NaNOa  -f  CaClj 

-11.5 

-4.8 

8.3 

50.0 

12 

NaNOa  -f  CaH4(P04)2 

10.5 

11.7 

27.4 

42.9 

14 

NaNOa  +  CaH4(P04)2  4-  KCl 

7.7 

9.4 

13.2 

42.5 

16 

NaNOa  4-  CaH4(P04)2  +  K2SO4 

15.0 

1.0 

14.5 

34  4 

18 

NaNOa  +  CaH4(P04)2  +  K2CO3 

-6.4 

0  0 

28.9 

52.4 

7 

(NH4)2S04 

28.3 

40.6 

40.9 

64.8 

9 

(NH4)2S04  +  KCl 

37.1 

33.1 

51.3 

65.4 

11 

(NH4)2S04   +    K2SO4 

17.2 

34.6 

33.6 

65.7 

21 

(NH4)2S04  +  K2C0a 

18.7 

20.3 

33.3 

67.5 

25 

(NH4)2S04  +  CaCl2 

21.4 

15  0 

34.4 

69.3 

13 

(NH4)2S04  +  CaH4(P04)2 

38  6 

35.3 

40.3 

70.9 

15 

(NH4)2S04  +  CaH4(P04)2  -f  KCl 

37.4 

30.7 

36.7 

75.3 

17 

(NH4)2S04  +  CaH4(P04)2  +  K2SO4 

35.7 

29.4 

31.6 

68.1 

19 

(NH4)2S04  +  CaH4(P04)2  +  KjCOa 

33.8 

25.1 

28.7 

89.4 

22 

NaCl  +  KNO3 

-17.3 

-3,7 

12.8 

40.3 

23 

NH4CI  -\-  K2SO4 

6.8 

16.1 

34.5 

60.7 

Minus  signs  indicate  a  decrease  below  the  quantity  of  NO3  present  in  the  soil  at  the 
beginning  of  the  experiment. 


RESULTS   OF   THE   EXPERIMENTS 


The  amounts  of  nitrates  present  at  the  end  of  stated  intervals  are  given  in 
table  3.  The  quantity  of  nitrates  is  expressed  in  parts  per  million  of  the 
extract  obtained  by  shaking  10()  gm.  of  the  soil  with  500  cc.  of  water,  allowing 
to  stand  for  20  minutes,  and  filtering.  The  results  are  corrected  for  the  amount 
of  nitrate  present  in  the  soil  at  the  beginning  of  the  experiment,  and  for  nitrates 
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added  as  part  of  the  chemical  treatments.  The  values  giveti  are  averages  of 
two  beakers  from  each  treatment,  which  in  practically  all  cases  were  m  very 
close  agreement. 

SUMMARY  AND  CONCLUSIONS 

As  Shown  in  table  3,  neither  chlorine  nor  potassium  compounds  consistently 
inWbite-l  the  process  of  nitriiicalion.     In  fact,  in  soils  treated  wUh  ammomum 
"if a      the  rate  of  nitriiicalion  was  greater  at  the  end  ,.f  the  test  for  all  add,- 
tons  of  either  chlorine  or  potassium  compounds.     The  direct  effect  of  potas- 
sium chloride  on  nitrification  is  evidently  not  the  e.M.lanalion  of  the  situatum 

^'Cylpid  nitrification  during  the  first  three  weeks  was  generally  followed 
by  a  loss  of  nitrates  during  the  following  two  weeks.  M.xtt.g  the  sod  a  the 
,^.0'  sev^n  weeks  resulted,  on  the  whole,  in  increasmg  the  rate  of  mtnficatior.. 
This  fact  y  noteworthy  in  view  of  its  possible  significance  to  tuture  stud.es 
^r,  fViA  pfFprts  of  fertilizers  on  nitrification. 

Inte^^^^^^^^^^^  NaCl  -f  KNO3  and  NH.Cl  +  K.SO.  instead  of  NaNO, 

+  KCl  and  (NH.)2Sa  +  KCl,  respectively,  decreased  the  rate  of  mtrificati^^^^^^ 
The  difference  for  the  NO3  interchange  was  practically  the  same  as  for  the  SO. 

'TsthoTn  in  table  3,  all  fertilizers  increased  the  rate  of  nitrification  during 
the  last  three  weeks,  as  compared  to  the  unfertilized  check  In  the  same 
pe  i  d,  potassium  carbonate  caused  a  higher  rate  of  -tnficat.on  than  .^^^^ 
Dotass  urn  chloride  or  sulfate.  Potassium  carbonate  was  associated  with  the 
Cst  q-ntity  of  nitrates  present  for  any  combination,  both  at  the  end  of 
three  weeks  and  at  the  close  of  the  experiment.  ,      ,      ,    ,  ,,,  ....^ase 

Mono-calcium  phosphate,  during  the  last  three  weeks,  ^^^^  ^  ^^^^^ 
the  rate  of  nitrification  for  combinations  contaimng  sodium  mtrate,  but 
increased  the  rate  of  combinations  with  ammonium  sulfate. 


VITAMIN  B  TERMINOLOGY 
In  November,  1927,  Dr.  E.  V.  McCollum,  presi- 
dent of  the  American  Society  of  Biological  Chemists, 
received  the  following  communication  from  the  British 
Committee  on  Accessory  Food  factors: 

dear  Svr: 

At  a  meeting  of  the  Accessory  Food  Factors  Commit- 
tee (appointed  jointly  by  the  Lister  Institute  and  the 
Medical  Research  Council,  1918)  and  others  interested  in 
vitamin  research  in  this  country,^  which  was  held  on  No- 
vember 14,  1927,  at  the  Lister  lustitute,  under  the 
chairmanship  of  Sir  Frederick  Gowland  Hopkins,  a  dia- 
cussion  took  place  upon  the  nomenclature  of  vitamin  B 
and  its  recently  defined  constituent  parts. 

The  committee  feel  strongly  that  those  workers  in  this 
field  of  research,  should,  if  possible,  arrive  at  some  pro- 
visional general  agreement  regarding  this  point,  so  that 
references  in  the  literature  emanating  from  different 
schools  may  be  uniform  and  unnecessary  complications 
may  be  avoided. 

The  following  suggestions  were  unanimously  suppoiled 
by  those  present:  (1)  That  pending  further  investiga- 
tion, much  confusion  will  be  prevented  if  the  designation 
vitamin  B,  first  used  by  McCollum  and  Davis  and  now 
firmly  established  in  the  literature,  should  be  retained 
for  all  dietary  factors  belonging  to  this  group  of  water- 
soluble  vitamins.  (2)  That  the  term  vitamin  B,  should 
be  adopted  for  the  antineuritic  (more  heat-labile)  water- 
soluble  dietary  factor  which  was  first  discovered  by  Eyk- 
man  in  1897  and  is  required  to  prevent  polyneuritis  in 
birds  and  marasmus  with,  or  without,  paralysis  in  mam- 
mals and  beriberi  in  man.  (3)  That  the  term  vitamin  Bj 
should  be  adopted  for  the  more  heat-stable,  water-soluble 
dietary  factor,  recently  described  and  named  P-P  (''pel- 
lagra-preventive") factor  by  Goldberger,  Wheeler  and 
Lillie  and  Rogers  (1926)  and  found  necessary  for  main- 
tenance of  growth  and  health  and  prevention  of  char- 
acteristic skin  lesion  in  rats,  and  considered  by  the  latter 
workers  to  be  concerned  in  the  prevention  of  human  pel- 


Such  a  scheme  as  the  above  possesses  the  advantage 
that  place  could  conveniently  be  found  to  include  any 
other  constituents  of  this  group  which  might  be  discov- 
wed  subsequently. 

The  committee    was    of    the    opinion    that    the    term 

Bios"  should  be  retained  to  denote  the  factor  or  fac- 
tors encouraging  rapid  growth  of  yeast  cells. 

The  committee  have  instructed  me  to  forward  the 
above  suggestions  to  the  American  Society  of  Biological 
Chemists  in  the  hope  that  they  may  be  brought  to  the 

^Sir  Frederick  G.  Hopkins,  F.R.S.,  chairman;  Profes- 
^^  J.  C.  Drummond ;  Professor  A.  Harden,  F.R.S. ;  Sir 
Charles  Martin,  F.R.S. ;  Professor  E.  Mellanby,  F.R.S. ; 
Professor  R.  H.  a.  Plimmer;  Professor  R.  A.  Peters; 
^-  Haniette  Chick,  secretary. 


notice  of  its  members  and  may  invite  their  comments  and 
criticism.  It  is  held  that  all  will  agree  upon  the  neces- 
sity of  reaching  agreement  upon  this  point. 

A  copy  of  this  letter  has,  at  the  same  time,  been  for- 
warded to  the  British  Biochemical  Society  and  to  some 
of  the  principal  workers  in  this  field  of  research  on  the 
continent  and  in  the  United  States  of  America. 

I  am,  yours  faithfully, 

(Signed)     Harriette   CmcK, 

Secretary 

In  resi)onso  to  this  communication  President  Mc- 
Collum appointed  (in  December,  1927)  a  Committee 
on  Vitamin  B  Nomenclature  to  report  at  the  April 
meetinf^  of  the  American  Society  of  Biological  Chem- 
ists. This  committee  consisted  of  H.  C.  Sherman 
(Columbia  University),  Atherton  Seidell  (Hygienic 
Laboratory,  Wa<5hingtr>n.  D.  C),  P-  A.  Levene 
(Rockefeller  Institute  for  Medical  Research),  Harry 
Steenbock  (University  of  Wisconsin)  and  R.  Adams 
Dutcher   (Pennsylvania  State  College). 

Opinions  of  several  interested  workers,  in  addi- 
tion to  the  members  of  the  committee,  were  sought 
and  letters  were  received  from  others.  A  total  of 
fifteen  workers  have  written  the  committee  express- 
ing their  views.  In  many  cases  the  opinions  ex- 
pressed represented  the  opinions  of  from  one  to  eight 
coworkers. 

The  opinions  expressed  by  the  various  groups  of 
American  workers  were  far  from  unanimous,  the 
majority  voting  unfavorably  on  the  suggestions  of 
the  British  committee,  except  for  the  suggestion  re- 
garding the  retention  of  the  term  "Bios."  No  let- 
ters have  been  received  expressing  opposition  to  this 
suggestion.  Analysis  of  all  suggestions  submitted  in- 
dicates that  American  workers  favor  three  different 
systems  of  nomenclature  for  the  components  of  the 
vitamin  B   complex. 

In  brief  the  three  systems  of  terminology  suggested 
may  be  described  as  follows: 

(1)  The  British  suggestions:  This  terminology 
would  use  the  letter  B  to  designate  the  complex,  B, 
to  identify  the  heat-labile  factor,  and  B^  to  refer  to 
the  heat-stable  factor  or  factors  which  have  to  do 
with  appetite  and  growth  stimulation,  amelioration  of 
skin  affections,  etc. 

(2)  The  Sherman  suggestions:  Dr.  Sherman  sug- 
gests the  term  F  to  designate  the  heat-labile  factor 
and  G  to  identify  the  heat-stable  fraction. 

(3)  The  McCollum  suggestions:  Dr.  McCollum 
suggests  that  the  term  B  be  restricted  to  refer  to  the 
heat-labile  factor,  since  it  was  the  first  one  studied, 


»„d  to  create  new  letter  designations  for  subsequent 
iplenU  of  the  complex  as  fast  as  tl>ey  are  recog^ 
,J  „  separate  entities.    He  suggests  the  letter  i 
raffo   tie  heat-stable  factor.    Other  suggesfons 
iere  ide,  but  since  they  were  not  supported  by  many 
workers,  reference  to  them  will  be  omitted. 
It  riniposBible  to  do  more  than  summanze  the 
Llnte  of  the  proponents  of  the  various  systems 
rnlil^-    The  letter  from  the  British  com- 
mittee quoted  above,  will  give  the  reader  the  reasons 
lor  their  suggestions. 

On  January  10,  1928,  Dr.  Shennan  wrote  the  lol- 
lowing  letter  in  explanation  of  his  suggestions: 

(1)  I  concur  in  the  recomn.e„aatiou  of  the   Bnti* 

^   ' ■        »i.  »  tk.  tfrm  "Bios"  be  retained  os  stated. 

""TllZt  TimpL  reeommendation  of  the 

B.  i  h  Corittee  that  no  one  ^^^^''^Ztf^T 
be  de.igi.ated  by  the  unqualified  term  ' '  Vitamin  B. 

m  For  the  two  now  recognized  substances  formerly 
CO  ered  by  the  term  vitamin  B,  I  think  that  the  desig- 
narns  ''Vitamin  F  and  G,"  proposed  somewhat  over 
a  ;r  Jt  the  Jo^r^l  of  CHer^icoX  Education  and 
allTLtlummer  in  the  .ourn.1  of  Biolo,^  CHeu.try 
are  much  preferable  to  the  designation  B,  and  B,  pro 
posed  by  the  British  Committee. 

To  disease  all  the  advantages  which,  in  my  judgment 
are  possessed  by  the  designations  F  luid  G  over  B,  ^d 
B,  would  make  this  letter  too  long.    A  few  of  them  are 

^' iTcZistenoy  with  the  accepted  plan  of  desig^tion 
of  the  vitamins  by  letters,  according  to  which  each  sub- 
stance of  this  group,  when  its  existence  has  been  suffl^ 
ciently  demonstrated,  receives  as  designation  a  separate 
capital  letter,  assigned  in  alphabetical  sequence  ^  the 
need  for  each  becomes  clear.  The  designations  F  and 
G  are  entirely  consistent  with  this  established  and  ac- 
cepted plan,  while  the  designations  B,  and  B,  are  not 
consistent  with  it,   since  they  use   the   same  letter   for 

difiEerent  substances.  . 

(b)  Definite  freedom  from  unwarranted  xmphcatums 
in  the  case  of  the  designations  F  and  G  whereas  the 
designations  B.  and  B,  imply  (would  certainly  suggest  to 
many  if  not  most  readers)  that  these  two  substances  are 
more  closely  related  to  each  other  than  are  any  other  two 
substances  of  the  vitamin  group  (vitamins  A  and  D,  for 
example),  an  implication  which  may  or  may  not  prove 
true  but  for  which  there  is  I  think  no  adequate  evidence 

at  the  present  time.  ^   ;i     4. 

(c)  Very  great  advantage  in  presentation  to  students 
and  to  the  public.  The  reason  for  having  new  designa- 
tions is  that  we  are  satisfied  that  the  two  factors  are 
separate  substances.  This  is  clearly  indicated  by  the 
use  of  the  terms  F  aiid  G,  whereas  the  use  of  the  terms 
B.  and  B,  might  easily  lead  to  the  supposition  that  they 
are  merely  two  forms  or  phases  of  the  same  substance. 
Designations  involving  subscripts  arc  awkward  to  speak, 


to  typewrite  or  to  print.      The  frequency  with  which  ^e 
see  ultra-violet  rays  referred  to  as  -  violet  rays "  in  the 
newspapers  should  warn  us  that  in  practice  the  subscripts 
would  often  be  slighted  and  either  B.  or  B,  would  be 
liable   to   appear   as   -vitamin  B"   in   a   newspaper  or 
other    popular    presentation    (as    well    as    m    students- 
notes)       And  still  greater  would  be  the  confusion  if  we 
Bhould  later  have  a  B.  and  perhaps  a  B.,  whereas  if  we 
adhere  to  the  plan  originated  by  McCollum,  developed  by 
Dnimmond,  and  uniformly    followed  hitherto,  vxz.,  that 
of  sriving  each  recognized  vitamin  a  separate  capital  H 
fer,  there  should  be  little  danger  of  confusion  either  in 
technical  or  non-technical  discussions. 

In  a  recent  letter,  Dr.  Sherman  expresses  the  opin- 
ion that  he  is  not  interested  in  retaining  the  term  B  to 
denote  the  complex.  In  fact  he  ieels  that  nothing 
.vould  be  lost  if  the  term  B  should  be  given  'honor- 
able retirement,"  leaving  this  space  blank  m  the  sys- 
tem of  vitamin  nomenclature. 

Sybil  T.  Smith  has  already  advanced  arguments  for 
Dr'  Sherman's  suggested  system  of  terminology.^ 

The  following  letter  of  Dr.  McCollum,  written  on 
February  24,  advances  arguments  in  support  of  a 
third  method  of  terminology :  ^ 


(1)  Each  vitamin  principle  essential  to  the  rat  should 
be  recognized  as  a  separate  entity;  each  should  receive 
a  separate  name.  There  should  be  no  attempt  at  grou, 
ing  them  into  an  artificial  complex,  that  is,  subordinating 
them  to  a  generic  name.  The  substances  should  be 
treated  as  individual  factors  of  equal  rank. 

(sTprovision  for  vitamins  which  may  be  discovered 
in  the  future  but  which  are  at  present  unkno.^. 

The  terminologies  proposed  by  Goldberger,  Salmon  . 
Chick  and  Roscoe  are  open  to  criticism  because  they  v.- 
late  the  first  criterion.      They  take  the  unnecessary  - 
deed,  misleading  step  of  supplying  the  comp^-  w^*^ 
nam  ,  implying  a  subordinate  role  for  each  factor  ofj^e 
complex.     The  recommendations  of  the  AccessoiT  »; 
Committee  show   even   more  subordination  of  the    nde- 
pendent  substances  not  only  in  assigning  a  genenc  n  .e 
to    their    artificial    complex,    but    also    m    givmg  « ^ 
numerals  to  the  constituent   factors.      In   ad^  .0,  ^e 
numerals   possess  no   advantage    over   the   generally  a^ 
cepted  system  of  letters.      The  same  -iticisms  may  ^ 
levelled  against  figures  as  against  letters,  but  usage 
made  adherence  strictly  to  letters  very  desirable  , 

The   system   that   meets   the   criteria   most  exa  tiy 
Drummond's  modification  of   McCollum 's  origma    pl^^^ 
This  deals  with  each  vitamin  as  an  entity;  the 
grouping  or  subordination.    Further,  it  provides  for 
tional  members  as  rapidly  as  they  are  recognized^     ^^^ 
We  have   seen  that  at  present  only  tvvo   factor,^^^ 
thermo-labile    antineuritic    P"^«^P^^'.^^,.    '  '•  ^     Ad- 
stable  anti-pellagrous  principle  need  f -\'ft^^^°"^  ,e. 
hering  to  the  McCollum-Drummond  plan  involves 
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uge  for  the  term  vitamin  B  as  a  definite  factor,  else  it 
becomes  a  blank  in  the  scheme.     It  can  not  be  used  in  its 

old  sense. 

It  is  proposed  that: 

(1)  The  term  vitamin  B  be  adopted  for  the  antineu- 
ritic (more  heat-labile)  water-soluble  dietary  factor 
which  was  first  discovered  by  Eykraan  in  1897  and  is 
required  to  prevent  polyneuritis  in  birds  and  marasmas, 
with  or  without  paralysis,  in  mammals,  and  beriberi  in 

(Vitamin  B  even  in  its  older  sense  has  been  generally 
regarded  as  thermo-labile,  and  the  antineuritic  effect  has 
long  been  associated  with  this  term.  For  these  reasons 
the  thermo-labile  antineuritic  principle  rightfully  merits 
the  priority  to  the  term  vitamin  B.  In  tliis  proposfd 
scheme  vitamin  B  has  merely  a  more  restricted  meaning 

than  formerly.) 

(2)  The  term  vitamin  F  (or  G)  should  bo  adopted  for 
the  more  heat-stable  water-soluble  dietary  factor  de- 
scribed and  named  by  Goldberger,  Wheeler,  and  Lillie 
and  Rogers  as  factor  P-P,  and  found  necessary  for  main- 
tenance of  growth  and  health  and  prevention  of  char- 
acteristic skin  lesions  in  rats,  and  considered  by  the  lat- 
ter workers  to  be  concerned  in  the  prevention  of  human 

pellagra. 

(This  factor  was  discovered  as  an  independent  prin- 
ciple by  Goldberger,  et  al,  and  should  be  treated  as  a 
separate  vitamin,  taking  the  next  available  letter  in  the 
alphabet,  namely  F  (or  G).) 

(3)  No  generic  name  shall  be  given  to  all  dietary 
factors  belonging  to  this  group  of  water-soluble  vita- 
mins, since  it  is  not  only  unnecessary  but  also  mislead- 
ing. In  fact,  mention  of  ''complex"  should  be  aban- 
doned. 

(Vitamins  B  and  F  (or  G)  are  independent  factors 
on  equal  rank  with  all  other  vitamins,  and  need  no  col- 
lective term.) 

(4)  Recognition  of  existence  of  additional  water- 
soluble  vitamins  in  the  future  shall  be  met  by  taking 
the  next  available  letter  in  the  alphabet,  following  the 
usual  prefix  vitamin. 

(5)  Bios  shall  be  retained  to  designate  the  factor  or 
factors  encouraging  rapid  growth  of  yeast  cells. 

Under  date  of  February  6,  1928,  Dr.  Steenbock  ad- 
vanced the  following  reasons  for  his  preference : 


Previous  to  the  organization  of  the  committee,  I  was 
in  receipt  of  the  report  of  the  British  Accessory  Food 
Factors  Committee  to  which   my   reaction  was  very   un- 
favorable.      To    include    the    heat-labile    and    the    heat- 
stable    factors,    and    possibly    others,    under    vitamin    B 
differentiated  by   subscript  suggested   to  me   a  common 
parentage    or    at    least    a    greater    relationship    between 
them  than   appears   justifiable   on   the  basis   of   present 
knowledge.     If    the    precedent    of    such    a    system    were 
once  established  for  any  one  vitamin,  then  it  would  soon 
be  used  for  others.     For  instance,  I  see  no  reason  why 
it  would  not  be  quite  justifiable  to  use  such  a  system  in 
connection  with  vitamin   A   and  the  antirachitic  factor. 


When  I  read  Dr.  Sherman's  suggestions  in  the  Jour- 
nal   of    Chemical   Education    that    the    term    vitamin    B 
should   be  used   for  the  B   complex  and  that  heat-labile 
and  hoat-stable  factors  should  be  designated  respectively 
vitamin  F  and  G,  my   reaction  was  again  unfavorable. 
In  the  first  place,  I  see  no  reason  why  a  vitamin  complex 
of    variable    quantitative    composition    should    be    desig- 
nated  by   a  letter   and,  in    the   second    place,   I   see   no 
reason    why    the    heat-labile    antineuritic    factor    should 
not  be  accepted  as  vitamin  B.     If  historical  back-ground 
counts    for    anything,    it   may    be    recalled    that    it    was 
McCollum 's  belief  that  his  water-soluble  vitamin  B  was 
identical    with    Eykman's    antineuritic    principle.     Why 
not  continue  the  use  of  the  term  vitamin  B  in  this  sense 
irrespective   of  its   relationship   to  growth   and   then   use 
the  letter  F  (or  G)  for  the  designation  of  the  heat-stable 
J'.  P.  factor  of  Goldberger. 

I  quite  agree  with  the  opinion  expressed  by  the  British 
Accessory   Food   Factors  Committee  that  it  is   advisable 
that  the  term  Bios  be  retained.     In  fact  I  see  no  reason 
why  other  names  of  suitable  designation  should  not  be 
used  by  various  investigators  in  their  own  field  of  inves- 
tigation  until  accumulated  evidence  warrants  the  inHu- 
sion  of  the  newly  discovered  factor  among  the  vitamins 
needed   by   the  animal.     It  seems   to  me  that  it  would 
be   expecting   too   much    to   have   all  substances    of    the 
nature  of  vitamins  which  are  indispensable  for  different 
types  of  life  to  be  immediately  included  in  the  alpha- 
betical system  of  nomenclature.     When  it  is  found  that 
such  substances  are  indispensable  for  animals  their  final 
inclusion  in  this  system  could  then  be  decided  upon  by  a 
committee    on    vitamin    nomenclature   reporting    in    this 
country    to    the    Federation    of    American    Societies    for 
Experimental  Biology. 

From  the  above  you  can  see  that  my  ideas  are  quite 
reactionary  to  contemplated  changes.  In  fact  I  am  quite 
convinced  that  such  confusion  as  threatens  us  is  due  not 
to  inavailability  of  a  proper  system  of  nomenclature,  but 
to  a  paucity  of  experimental  facta  and  to  a  certain 
hastiness  in  naming.  The  former  will  ultimately  correct 
itself,  the  latter  can  be  corrected  by  delegation. 

Many  workers  merely  wrote  that  they  favored  one 
system  or  another,  without  detailed  reasons  for  their 
opinions.  Dr.  Sybil  Smith's  letter  in  support  of  the 
Sherman  suggestions  has  already  been  published,  in 
substance,  and  will  not  be  included  here. 

Nutrition  workers  will  also  be  interested  in  the 
following  quotation  from  Dr.  H.  H.  Mitchell's  letter 
of  April  10,  1928. 

There  is  no  question  but  that  the  situation  with  respect 
to  the  nomenclature  of  the  components  of  vntamin  B  is 
confusing.  The  use  of  the  letter  B  has  been  so  gen- 
erally applied  to  what  was  thought  to  be  a  definite 
dietary  factor  with  growth-promoting  and  antineuritic 
properties,  that  its  entire  elimination  from  the  list  of 
vitamin  letters  seems  advisable  to  me.  Even  its  use  to 
denote  the  combination  of  the  two  or  more  water-soluble 
components,  as  has  been  suggested,  seems  objectionable 
to  me,  since  it  would  refer  to  no  definite  combination  of 


dietary  factors  and  hence  would  have  no  definite  signifi- 
cance. I  can  not  conceive  of  any  situation  requiring  the 
use  of  such  a  loose  term. 

The  A  and  D  situation  was  not  analogous  to  the  B 
situation,  since,  in  this  country  at  least,  vitamin  A  was 
not  at  all  generally  confused  with  the  antirachitic  factor, 
80  that  the  discovery  of  this  factor,  although  possibly 
vitiating  some  of  the  work  done  on  vitamin  A,  did  not 
modify  the  meaning  generally  attached  to  this  term. 

I  favor  the  use  of  new  letters  to  designate  the  com- 
ponents of  vitamin  B,  but  I  feel  that  there  is  danger  of 
making  the  same  sort  of  an  error  in  defining  vitamins 
F  and  G  as  was  made  in  defining  B,  with  the  same 
unfortunate  confusion  of  ideas  aud  the  Hainc  misdirected 
experimentation.  There  is  such  a  genera!  feeling  of 
satisfaction  in  the  establishment  of  the  identity  of  two 
factors  in  any  scientific  problem,  because  its  ultimate 
solution  is  to  that  extent  simplified,  tliat  the  proiunaire- 
ment  of  such  an  identity  is  frequently  not  subjected  to 
the  critical  scrutiny  that  its  importance  deserves.  In 
the  present  case,  there  is  nothing  to  be  gained,  and  the 

^   -       'v•.^:^.^      r.41     nr,nait^(^rnh\Q      fionfllsioTI      IS      iuCUrrcd.      bv 

identifying  vitamin  F  (investigated  in  rat-feeding  ex- 
periments) with  the  antineuritic  vitamin  and,  particu- 
larly, vitamin  G  with  the  antipellagra  vitamin,  if  such 
there  is,  until  the  evidence  of  these  identities  is  estab- 
lished beyond  a  reasonable  doubt.  I  think  Sherman's 
statements  on  this  matter  are  premature. 

To  my  way  of  thinking  it  is  time,  in  these  days  when 
pronouncements  of  new  dietary  factors  are  becoming  so 
frequent,  to  come  to  some  general  agreement  concerning 
the  proper  criterion  for  the  demonstration  of  a  new 
vitamin.  Surely  t)ie  statement  that  a  new  vitamin  exists 
should  be  something  more  than  the  mere  expression  of 
one's  inability  to  explain  experimental  findings  on  any 
other  basis.  The  factor  should  be  obtained  in  a  potent 
and  concentrated  form,  the  addition  of  which  in  minute 
amounts  to  a  ration,  preferably  synthetic  in  character 
but  in  all  cases  demonstrably  complete  in  all  other  known 
respects,  will  invariably  induce  a  marked  betterment  in 
the  nutritive  condition  of  properly  prepared  experimen- 


tal animals,  an  effect  which  is  not  dependent  upon  an 
increased  intake  of  food.  Some  such  criterion  should 
be  satisfied,  preferably  by  more  than  one  investigator 
working  independently,  before  a  letter  in  the  vitamhi 
series  is  assigned  to  a  new  dietary  factor.  ConservatiBm 
in  such  matters  is  the  wisest  policy  to  pursue. 

It  would  appear  that  a  majority  of  workers,  who 
have  indicated  a  preference,  are  quite  agreed  (in  the 
light  of  Dr.  Herbert  Evans'  introduction  of  vitamin 
F)  on  the  use  of  the  term  "G,"  to  denote  the  heat- 
stable  factor.  Some  difference  exists,  however,  rela- 
tive to  the  term  which  should  be  used  to  designate  the 
hoat-labilo   antineuritic    factor. 

The  conunittce  is  not  n^ady  to  make  its  final  report 
and  it  will  welcome  su^i,'gestions  from  all  interested 
workers  in  the  vitamin  field.  Steps  are  now  being 
taken  to  cooperate  with  other  scientific  groups  before 
making  definite   recommendations. 

The  members  of  the  committee  feel  that  the  naming 
(by  other  than  descriptive  tenns)  of  newly  discovered 
food  factors  should  be  discouraged  until  a  system  of 
tenninology  has  been  agreed  upon.  Many  workers 
have  expressed  themselves  as  being  in  favor  of  dis- 
couraging the  designation  of  new  vitamins  until  their 
identity  has  been  established  beyond  question.  In 
this  the  committee  is  in  accord. 

Suggestions  have  been  made  that  an  American  com- 
mittee be  appointed,  representing  the  interested  scien- 
tific societies,  which  may  act  as  a  clearing  house  for 
questions  in  vitamin  tenninology  and  perhaps  cooper- 
ate with  similar  foreign  committees  in  actually  nam- 
ing new  factors.  This  suggestion  is  made  with  the 
hope  that  it  will  avoid  confusion  in  the  literature 
and  promote  unifonnity,  which  is  highly  desirable. 

H.  AuAMS  DuTCiiER,  Chairman, 
Committee  on  Vitamin  B  Nomenclature,  American 
Society   of  Biological   Chemists,   Pennsylvania 
State  College. 
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(Received  for  publication,  September  14,  1928.) 

In  our  studies  concerning  the  vitamin  B  requirement  of  calves, 
one  of  us  produced  conclusive  evidence  that  a  calf  will  grow  nor- 
mally to  maturity  and  produce  normal  offspring  on  a  ration  that 
carries  an  insufficient  amount  of  the  vitamin  B  complex  to  support 
growth  and  well  being  in  rats  (1).     In  later  investigations  we 
determined  that  vitamin  B  in  milk  is  not  dependent  on  the 
presence  of  this  vitamin  in  the  ration  of  the  cow  (2).     Three  cows 
that  were  fed  for  over  2  years,  throughout  their  growth  period,  on 
a  ration  that  was  decidedly  deficient  in  vitamin  B,  were  used  in 
this  study.     The  evidence  obtained  in  these  investigations  ap- 
peared to  indicate  that  cattle,  and  possibly  all  other  ruminants, 
possess  the  ability  to  synthesize  vitamin  B.     Damon  (3),  Kuroya 
and  Hosoya  (4),  Heller  et  al.  (5),  Scheunert  and  Schieblich  (6), 
Sunderlin  and  Werkman  (7),  and  others  have  made  contributions 
to  our  knowledge  of  the  possible  synthesis  of  vitamin  B  complex 
by  bacteria.     The   present  paper  is  intended   to  set  forth  the 
results   of   an   investigation    which   was   designed   to   determine 
whether  the  microorganisms  present  in  the  rumen  of  one  of  our 
experimental  cows  were  responsible  for  the  synthesis  of  vitamin 
B  complex. 

•  Published  by   permission   of  the   Director  of  the  Pennsylvania  Agri- 
cultural Experiment  Station  as  technical  paper  No.  458,  Journal  series. 
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Vitamin  B  Synthesis  in  Cow 


EXPERIMENTAL. 


A  pure  bred  Holstoin  hoifer,  Penstate  Honiestoacl  Jessie,  No. 
924062,  was  made  the  subject  of  this  study.  She  was  one  of  a  group 
of  seventeen  experimental  animals,  and  had  grown  to  maturity  on 
the  experimental  ration,  which  was  made  up  from  corn  gluten 
meal,  cane  sugar,  commercial  casein,  polished  rice,  corn-starch, 
pearled  hominy,  dried  sugar  beet  pulp,  cod  liver  oil,  and  mineral 
supplements.  This  ration  was  demonstratcMl,  through  rat  feeding 
trials  (  1  ),  to  he  f)ra('t ically  devoid  of  the  vitamin  H  cotiiplex. 

A  perinan.ent  fistula  about  '■]]  inches  in  diameter  was  made  in 
the  nnnen  of  the  experimental  heifer  through  the  left  sid(\  This 
pi'o\asi(»n  atforded  an  easy  means  of  sanu)!ing  the  rumen  eonteiits, 
A  specaal  pack,  after  the  method  used  by  Scludk  ;ind  Anndon  (Si, 
was  })rovided  for  keei)ing  tlu^  fistula  tightly  closed  so  that  norinal 
conditions  within  tlu^  rumen  would  be  maintained.     The  heifer 

P(>nfinn<^M)  f^^  thr}vo  (ar\  the  rntion  defieu^nf  in  AT^it'it^n'r^  T^^  nrx^l  rro-^fi^ 

every  evidence  of  functi(ming  normally  as  she  had  done  on  the 
experimental  ration,  prior  to  the  operation. 

Our  first  step  in  the  investigation  consisted  in  testing  out  alco- 
holic extracts  from  the  fermented  rumen  contents.  12  hours  after 
feeding,  portions  of  about  .'^0  pounds  of  the  wet  ftTinented  feed 
were  removed  from  the  rumen  and  placed  in  a  5  gallon  milk  can. 
The  fermented  material  was  incubated  for  5  days  at  a  temperature 
of  o7^,  with  occasional  stirring  of  the  mixture  in  order  that  the 
bacterial  flora  might  uuiltiply  and  produce,  if  possible,  the  maxi- 
nunn  (juantity  of  vitanu"n  B.  This  procedure  was  considered 
preliminary,  and  precautions  were  taken  to  provide  an  extract 
sufficiently  concentratcnl  to  (diminat(^  possible  difficulties  in  feed- 
ing t(^chni(iue.  A  total  of  5(),5.'^()  gm.  of  the  fermented  rumen 
contents,  representing  four  separate  samplings,  was  used  in  pre- 
paring the  extract.  This  represent(Hl  ()252  gm.  of  dry  nuitter,  the 
average  percentage  of  dry  matt(M*  being  1  1.06  per  cent. 

Th(^  fermented  rumen  contents  wen^  stored  in  5  gallon  stone 
jars.  95  j)er  c(^nt  ethyl  alcohol  was  added  to  the  jars  in  liberal 
amounts  b(>caus(*  of  the  lai'ge  amount  of  moisture  present.  It  was 
the  aim  to  [)r()vide  a  solution  of  approximately  70  per  cent  alcohol. 
The  jai's  containing  the  mixture  wen^  allowed  to  stand  for  1  week 
at  room  temperature  with  occasional  stirring  each  day. 
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The  liquid  was  then  filtered  off  and  evaporated  to  dryness  at  a 
temperature  of  50°,  after  the  usual  practice  of  preparing  vitamin 
B  extracts.  2226  gm.  of  extract  carrying  1200  gm.  of  dextrin,  were 
so  prepared  that  1  gm.  of  this  extract  rei)resentetl  25.4  gm.  of  the 
original  fresh  fermented  rumen  material. 

Rdt  Feeding  Expcriinent.s  with  Rumen  Extract. 

The  fecnling  teclmicpie  used  in  this  and  later  feiMling  trials  is 
essentially  that  deserihed  by  I)iiteher,  braneis,  and  ("nnihs  (9). 
The  animals  were  })la('ed  on  expei'inient  when  they  were  2!  (la\-sof 
age,  and  their  average  weijj^ht  was  ;d)out  10  gm.  Males  and 
f(>in;iles  were  used  m  eipial  nundx'F's,  and  litter  mates  were  dis- 
tributed throughout  the  groups.  Ivicli  rat  was  kepi  in  an  in- 
dividual cage  provided  with  a  screen  bottom  (10;.  (Jrowth 
records  were  obtained  and  food  intake  noted. 

The  anuiiais  refused  to  eat  the  ratit>n  cuntainiiig  runien  extract 
for  the  reason  that  it  carried  a  decided  butyric  acid  odor.  ,3 
per  cent  of  olive  oil  incorporated  in  the  ration  proved  to  make  it 
palatable.  The  ration  finally  adopted  (Ration  103)  was  made 
up  as  follows : 

per  cent 

Casein is 

Salts  1S5* 3 

Agar 2 

Olive  oil 3 

Dextrin 24 

"          rumen  extract 50 

100 
*McCollum,  E.  v.,  and   Simmonds,  X.,  ./.  Biol.  Chcm.,  1917,  xxxi,   181. 

The  controls  also  receive  an  equivak^nt  of  olive  oil  in  their  ration. 
Each  rat  was  given  4  drops  of  Scpiibb's  cod  liver  oil  daily  to  insure 
an  adequate  supply  of  vitamins  A  and  D. 

The  average  growth  curve  for  the  two  groups  is  shown  in  Chart 
I.  In  the  8  week  period  the  groups  receiving  the  rumen  extract 
made  an  average  gain  in  weight  of  5.2  gm.  per  week  (Curve  I). 

The  growth  curves  indicate  clearly  that  the  rumen  extract  must 
have  supplied  the  vitamin  1^  complex  since  all  animals  maintained 
a  constant  rate  of  growth  throughout  the  8  week   period.     The 
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controls  (Curve  II,  Chart  I)  weresignificar^tly  different  a^^^^^^^^^^ 
thev  continued  to  live  (some  of  them  for  as  long  as  10  weeks), 
but  thefincreases  were  very  slight  during  the  8  week  per,od 

The  evidence  obtained  in  this  feeding  expenment  seemed  to 
indicate  quite  clearly  that  vitamin  B  must  have  been  syn  hes.zed 
by  btterra  or  other  microorganisms.  The  next  step  was  to  make 
a  study  of  the  microflora  in  the  rumen. 

Bacterial  Study  of  Humm  Microflora. 

The  work  of  Dun-.on  (3)  on  acul-fust  bacteria  whieh  synthesized 

thlvLmun  B  co,„pl....  su.gesto.l  that  we  ">i»^'>t ''- -hng  w,t   a 

.i,„il.,r  situation  in  tlie  rumen  .>f  our  <..xpeninenUil  cow.     \Vc  I  ad 

Z txpe'ledt  find  wild  yeasts.     Direct  .uicroscopic  exauunaUon 


__MkL-\ilAnA 


'HL. 


Chart  I. 

of  Stained  smears  of  the  rumen  contents  revealed  the  presence  of 
neith  r^^^^^^^^^         bacteria  nor  yeasts.     Samples  plated  w.th  pla. 
nutrient  agar  revealed  approximately  ^,225,000  bacter.a^er^^^ 
of  rumen  contents  but  no  yeast  colomes  were  found      W  hat  . 
did  find  was  an  almost  pure  culture  of  a  bacterium  that  produced  a 
small  colony  about  1  to  2  mn.  in  diameter.     The  colomes  develo, 
ing  upon  the  surface  showed  a  pale  lemon-yellow  pigment.    The 
ubsurface  colonies  developed  no  pigment   but  when   trans  e 
were  made  to  agar  slants,  they  proved  to  be  identical  with  tk 
surface  colonies.     A  search  of  the  literature  revealed  that     r 
organisn.  had  never  been  described.     We  have,  therefore^  d 
nated   it  Flavohacienum  vUarumen.     Platings  on  plam  nutre  t 
agar  of  several  samples  showed  the  results  indicated  m  Table 
The   predominance  of   this   type   of   colony   in   our     irst    plat« 
prompted  us  to  make  preparations  for  a  test  of  its  ability  to  syn- 
thesize  the  vitamin  B  complex. 
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plain  nutrient  agar  medium,  made  from  the  dehydrated 
Bacto-Nutrient  Agar  manufactured  by  the  Digestive  Ferments 
Company,  was  placed  in  32  ounce  bottles  of  the  Blake  type  and 
sterilized  for  20  minutes  at  15  pounds  pressure.  The  bottles  were 
placed  in  a  horizontal  position  in  order  that  the  agar  would 
solidify  on  one  side  of  the  bottle  and  provide  the  maximum  area 
for  growth.  The  media  in  these  bottles  were  then  inoculated  with 
a  water  suspension  of  a  pure  culture  of  the  organism  and  incubated 
for  48  to  72  hours  at  37'^.  The  growth,  which  was  not  abundant, 
was  then  washed  from  th('  suii"a('(>  of  the  media  with  stcM'ilc  water 
and  the  washings  wen^  (,'vaf)()rat(Ml  to  dryness  at  a  temperature  of 
approximately  50'.  Thc^  amount  of  growth  secunnl  in  this 
manner  was  less  th;in  1  gni.  of  dried  matei'ial  per  i)oltle.      We  wen^ 

TABLE  I. 


Date. 


Feb.  21. 

"  26. 
Mar.   4. 

"  17 
June  30 
July  13. 
Aug.    1 


teria  per  gm. 


2,225,000 

8,500,000 

1,840,000 

1,850,000 

26,300,000 

27,450,000 

34,500.000 


Approximate  per- 
ceiiLu^e  of  /  (.utu- 
hacterixim  vita- 
rumen. 


98 
98 
97 
96 
95 
90 
50 


able,  however,  to  prepare  a  sufficient  quantity  of  dried  bacterial 
cells  in  the  form  of  a  meal  to  make  the  necessary  test  for  vitamin  B 
in  the  rat  feeding  experiments. 

Flavobaderium  vitarumen  is  rod-shaped,  being  0.5  to  1.5 
microns  X  0.5  —  3.0  microns  in  size.  It  has  rounded  ends,  does 
not  form  endospores,  generally  occurs  singly  but  occasionally  in 
pairs,  and  is  non-motile.  It  differs  from  the  vast  majority  of  the 
genus  Flni  obncterium  in  that  it  is  Gram-positive. 

Surface  agar  colonies  are  1  to  4  mm.  in  diameter,  while  the 
imbedded  colonies  are  somewhat  smaller.  Gelatin  colonies  are 
very  similar  to  the  agar  colonies.  Other  cultural  characteristics 
are  as  follows:  Agar  slant,  filiform;  chromogenesis,  pale  lemon- 
yellow;  gelatin  stab,  no  liquefaction;  sugar  broths,  no  gas  pro- 
duced;  sucrose,    dextrose,    and    maltose    broth,    acid    produced; 
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lactoso,  xylose,  dulcitol,  mannitol,  sorbitol,  and  insitol  broth,  no 
acid  produced;  starch  agar,  no  diastase;  cellulose,  no  fermentation; 
lead  acetate  agar,  no  growth;  Endo's  medium,  no  growth. 

Litmus  milk  is  fermented  with  the  production  of  acid.  There 
is  a  slight  reduction  of  the  litnms  but  no  curd  is  formed. 

It  does  not  form  a  ring  of  pellicle  growth  on  any  of  the  broth 
media.  The  growth  clouds  the  liquid  and  finally  settles.  It  does 
not  form  indole  or  skatole  and  nitrates  are  reduced. 

Rut  Fit  (h'nfi  I'J.vprrinimts  iritli  I)ri('<l  Hucieria, 

The  ftM'diiig  techni(iue  was  the  sani(>  as  that  emplovful  in  the 
previou^^  test   on   the   riimcn   (wtrnct.     The  dried   bacterial  incai 
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Chart  II. 

was  fed  daily  in  0.5  gm.  doses  to  each  rat  as  a  supplement  to  the 
basal  ration.  In  Curve  I,  Chart  II,  the  result  of  this  feeding 
test  is  presented.  The  curve  represents  the  average  growth  oi 
ten  rats.     The  average  weekly  gain  per  rat  was  G.8  gm. 

At  the  same  time  another  group  of  rats,  some  of  which  were  litter 
mates  of  those  represented  in  Curve  I,  were  fed  the  basal  ration 
supplemented  with  0.5  gm.  of  Fleischmann's  special  yeast.  In 
Curve  II  the  average  growth  of  this  group  is  presented.  The 
average  weekly  gain  per  rat  in  this  group  was  6.4  gm. 

There  was  some  question  as  to  whether  the  media  (dehydrated 
nutrient  agar)  which  were  used  in  growing  the  large  quantities  of 
bacterial  cells,  did  not  carry  appreciable  amounts  of  the  vitamic 
B  complex.  To  test  out  this  point,  a  liter  of  medium  made  froiri 
Bacto-Nutrient  Agar  was  shaken  with  10  gm.  of  Lloyd's  reagent 
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The  mixture  was  filtered  and  the  filtrate  evaporated  to  dryness. 
The  residue  was  fed  to  rats  in  daily  0.5  gm.  doses  with  the 
result  as  presented  in  Curve  IV,  CTiart  II.  A  similar  test  was 
made  with  autolyzed  yeast,  prepared  as  described  by  Seidell  (11). 
Curve  III  represents  the  average  growth  of  this  group.  A  control 
group  was  also  fed  on  the  basal  diet  with  the  results  portrayed  in 
Curve  V. 

SUMMARY    AXi)    COXCLT'SION. 

Investigations  uvre  conducted  ..n  the  fen. icnt.Ml  rumen  con- 
tents of  a  Ilolstein  cow,  representative  of  a  group  (»f  sevente(Mi 
•niinials  that  were  grown  to  maturity  on  a  ration  highly  deficient 
i„v,t:iniin  B  coini)h'X.  Ah'ohoHe  extracts  of  t  he  fern. enle<l  rumen 
contents  w(>re  proved  potent  in  the  vitamin   B  complex  through 

rat  feeding  trials. 

One  bncterium  of  the  genus  Flarobaderium  was  found  about  90 
per  cent  predominant  in  the  rumen  microflora.  This  organism 
was  grown  in  large  quantities  on  vitamin  B-free  media  and  fed  to 
rats  to  the  extent  of  about  (12  per  cent)  of  dried  bacterial  cells  in 
a  synthetic  vitamin  B-free  ration.  This  test  proved  the  bacterial 
cells  to  be  highly  potent  in  the  vitamin  B  complex. 

The  results  of  this  study  warrant  the  conclusion  that  the  vita- 
min B  complex  was  produced  in  the  rumen  of  our  experimental 
cow  by  bacterial  fermentation.  This  result  offers  a  satisfactory 
explanation  as  to  why  cattle,  unlike  any  other  species  of  animal 
yet  studied,  have  the  ability  to  grow  to  maturity,  to  produce  nor- 
mal offspring,  and  to  produce  milk  of  normal  dietary  composition, 
on  a  ration  that  carries  an  insufficient  amount  of  vitamin  B  com- 
plex to  support  growth  and  well  being  in  rats. 

Credit  is  due  Dr.  J.  F.  Shigley,  of  the  Department  of  Animal 
Husbandry,  for  veterinary  service  in  caring  for  the  experimental 
heifer  with  the  permanent  fistula. 
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THE  ABSORPTION  OF  GLUCOSE  FROM  THE  ALIMEN- 
TARY TRACT  OF  RATS  DEPRIVED  OF  THE 
VITAMIN  B  COMPLEX^ ' 

By  H.  B.  Pierce,  H.  S.  Osgood,  and  J.  B.  Pol.\nsky 

{From  the  Dcparlment  of  Agricultural  and  Biological  Chemistry, 

Pennsylvania  State  Collegf^  State  College,  Pa.  ami  the 

Department  of  Vital  Economics,  Cniversity 

of  Rochester,  Rochester,  X .  Y .) 

Rccei\eii   f'^r   l'\ihli.  .itioii   -XnveiiibL-r  i  1,  \'>2S 

THE  functional  activity  of  the  gastro-intcstinal  tract  is  dependent 
to  some  extent  upon  the  presence  of  vitamins  A  and  B  in  the  diet. 
Cramer  (1923)  has  found  that  the  use  of  diets  deficient  in  vitamin  B 
caused  atrophy  of  the  lymphoid  tissue  of  the  ileum.     In  the  absence 
of  actively  functioning  lymphoid  tissue,  the  assimilation  and  absorption 
of  foods  from  the  intestine  is  impaired.     Cowgill  (1926),  Gross  (1924), 
Plummer  (1927),  Nelson  (1925)  and  McCarrison  (1919)  (1921)   (1922) 
have  found  that  vitamin  B  deprivation  caused  degenerative  changes  in 
the  gastro-intestinal  tract  which  prevented  the  normal  functioning  of 
the  component  parts.    Several  of  the  latter  authors  have  observed  that 
the  alimentary  rate  decreased  when  diets  deficient  in  vitamin  B  were 
fed  to  animals.   At  the  same  time  there  was  a  decrease  in  the  tonus  of  the 
intestinal   musculature.      These   several   observations   have   led   to   the 
postulation  of  a  decreased  absorption  from  the  intestine  in  the  absence 
of  vitamins  A  and  B.   Bergeim  (1928)  using  his  iron  oxide  method  (1926) 
fed  rats  and  guinea  pigs  rations  deficient  in  vitamins  A,  B,  C  and  D.   He 
studied  the  digestive  efficiency  of  normal  animals  and  compared  it  with 
that  of  animals  receiving  inadequate  diets.   Little  diflerence  was  observed 
between  the  ability  of  the  two  groups  to  digest  starch,  while  the  protein 
digestion  values  for  the  two  groups  did  show  some  diflerence,  being  smaller 
for  the  groups  receiving  vitamin  deficient  diets.   Bergeim  does  not  believe 
''that  these  differences  are  great  enough  to  support  the  view  of  an  early 
or  specific  impairment  of  digestive  function  in  these  avitaminoses." 


1  Published  with  the  permission  of  the  Director  of  the  Agricultural  Experiment  Station  as 
paper  Xo.  463, 

'  The  preliminary  part  of  this  investigation  was  carried  on  in  the  Department  of  Vital  Econo- 
mics at  the  University  of  Rochester  and  the  latter  part  in  the  Department  of  .\gricultural  and 
Kiological  Chemistry  at  the  Pennsylvania  State  College.  Mr.  Polansky  assisted  in  the  pre- 
liminary studies  and  Mr.  Osgood  in  the  later  studies. 
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Experimental 

The  object  of  the  present  investigation  was  to  determine  whether  or 
not  the  absence  of  the  vitamin  B  complex  in  the  diet  of  rats  had  any  \ 
effect  upon  the  absorption  of  glucose  from  the  gastro-intestinal  tract, 
Cori  (1925)  devised  a  method  for  studying  the  rate  of  absorption  of  various 
su<^ars  from  the  intestinal  tract  of  rats,  and  we  have  followed  his  technique, 
witli  some  modifications.   The  principle  of  this  method,  as  stated  by  Cori, 
is  as  follows:  "A  known  amount  of  the  substance  under  investigation  is 
fed  by  stomach  tube.  After  a  given  time  the  rats  are  killed  an.d  the  amount 
of  substance  remaining  in  tlie  intestines  is  determined  quantitatively, 
The  difference  between  the  amount  fed  and  the  amount  recovered  from 
the  whole  intestinal  tract  is  then  the  amount  of  substance  absorbed." 
A  number  of  years  ago  Rubner   (1902a)   and  more  recently  Kugler 
(1919)  used  a  method  for  studying  absorption  from  the  alimentary  tract 
of  animals  similar  to  that  devised  by  Cori. 

Our  procedure  differed  from  that  of  Cori  in  several  ways.  The  rats  used 
were  older  and  on  an  average  weighed  more  than  those  used  by  Cori. 
Solid  food  was  withheld,  but  water  was  left  at  the  disposal  of  the  rats 
during  the  fasting  periods.    The  normal  Rochester  rats  were  fasted  for 
48  hours  before  receiving  the  meal  of  glucose,  but  on  account  of  the 
weakened  condition  of  the  rats  on  vitamin  B-free  diets,  they  were  fasted 
for  24  hours  only.    Fasting  periods  of  twenty-four  hours  were  used  with 
all  of  the  other  groups.  With  the  exception  of  the  Rochester  rats,  one  hour 
absorption  periods  were  used.     Excellent  checks  were  obtained  in  the 
determination  of  the  amounts  of  glucose  fed  to  the  rats.     The  amount 
of  sugar  adhering  to  the  outside  of  the  catheter  after  its  withdrawal  was 
found  to  be  negligible.     The  amounts  of  glucose  remaining  inside  the 
catheter  after  the  injection  showed  some  variation  and  because  of  this 
the  catheters  were  washed  out  each  time  after  use,  and  the  glucose  in  the 
wash  water  determined.     The  various  catheters  used  retained  different 
amounts  of  glucose.    Several  rats  were  killed  with  the  stomach  tube  in 
place  to  confirm  its  location  with  the  tip  in  the  stomach.   The  amount  of 
reducing  substances  present  in  the  intestine  of  rats  fasted  for  24  hours 
was  found  to  be  small  and  was  neglected  in  all  calculations.     Twelve 
animals  were  used  in  this  particular  phase  of  the  invesitgation  and  in  one 
case  only  was  there  more  than  a  trace  of  reducing  matter  present.   When 
rats  had  been  fed  sugar  after  a  fasting  period  of  24  hours,  no  reducing 
substances  were  found  in  the  cecum  at  the  end  of  a  one-hour  absorption 
period.    After  having  removed  the  alimentary  tract  it  was  cut  open  and 
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washed  carefully  with  successive  portions  of  warm  water  until  approxi- 
mately 500  cc.  of  water  had  been  used.  The  intestine  after  washing  was 
placed  in  a  volumetric  flask  and  shaken  with  water,  this  being  tested  for 
the  presence  of  glucose.  No  reducing  substances  were  found  to  be  present. 
Rats  which  were  frightened  and  struggled  when  the  stomach  tube  was 
being  placed  in  position  were  not  used.  The  sugar  used  in  all  of  the  experi- 
ments was  C.P.  d-glucose  obtained  from  the  J.  T.  Baker  Company.  The 
strength  of  the  glucose  solutions  used  ranged  between  30  and  50  per  cent, 
and  the  solutions  were  prepared  24  hours  before  using  (we,  of  course, 
having  accepted  Cori's  statement  that  concentration  did  not  affect  the 
rate  of  absorption).  Bertrand's  method  was  used  for  the  quantitative 
determination  of  glucose. 

None  of  the  rats  exhibited  glycosuria  during  the  absorption  periods 
and  there  was  evidence  of  diarrhoea  once  or  twice  only. 

Before  studying  the  effect  of  the  absence  of  vitamin  B  on  the  absorption 
of  glucose,  a  number  of  determinations  were  made  using  normal  animals 
three  to  five  months  of  age  which  had  been  on  the  colony  ration  (Mattill 
and  Clayton,  1926)  at  Rochester.  Later  several  groups  of  rats  were  placed 
on  a  vitamin  B-free  diet  of  the  following  composition:  Casein  (vitamin 
B-free)  18%,  salt  mixture  (McCollum  185)  4%,  corn  starch  56%,  lard 
20%,  cod  liver  oil  2%. 

A  record  of  the  food  intake  of  the  Rochester  group  of  animals  on  a 
vitamin  B-free  diet  was  not  kept.  These  animals  were  placed  on  the  defi- 
cient diet  for  41  to  46  days,  and  at  the  end  of  this  period  they  were  in  a 
gready  weakened  condition.  At  the  end  of  the  diet  period  the  rats  were 
fasted  for  24  hours,  and  the  glucose  absorption  determined  as  in  the 
case  of  normals  using  Cori's  procedure. 

In  later  work  at  the  Pennsylvania  State  College  two  groups  of  rats 
were  used,  one  group  consisting  of  animals  from  the  stock  colony  of  pied 
rats  and  known  as  *Tenn  State"  rats,  and  the  other  group  consisting  of 
animals  obtained  from  the  Albino  Supply  Company  at  Philadelphia, 
designated  by  the  Company  as  "large  size,  toxicity"  rats.  The  Penn 
State  rats  have  proved  to  be  very  resistant  to  the  effects  of  vitamin  B 
deprivation  and  it  has  been  suggested  by  associates  of  the  writer  at  State 
College  that  a  micro-organism  capable  of  synthesizing  vitamin  B  was  a 
member  of  the  intestinal  flora,  or  that  the  intestinal  flora  was  altered  in 
some  other  way,  so  that  toxic  substances  ordinarily  formed  and  absorbed 
were  absent.  Wright  (1921)  has  expressed  the  opinion  that  the  explanation 
for  the  early  decline  in  rats  deprived  of  vitamin  B  lies  in  the  fact  that 
toxic  products  are  formed  in  the  abnormal  length  of  time  that  food  remains 
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in  the  intestine.  The  toxins  thus  formed  are  absorbed  and  affect  the 
general  health  of  the  animal.  Fridericia  and  his  coworkers  (1927)  have 
found  that  a  number  of  their  young  rats,  receiving  vitamin  B-free  diets, 
grew,  thrived  and  multiplied.  The  bacterial  flora  in  the  cecum  of  their  rats 
differed  from  that  of  other  rats,  and  the  reaction  of  the  contents  of  the 
cecum  was  acidic  instead  of  neutral  or  alkaline. 

It  was  owing  to  the  fact  that  the  Penn  State  rats  did  not  show  the 
effects  of  vitamin  B  deprivation  that  rats  were  obtained  from  another 
source.  This  second  group  of  animals  was  kept  in  another  building  in 
order  to  avoid  contact  with  the  Penn  State  animals. 

A  record  of  the  food  intake  was  kept  for  all  rats  placed  on  vitamin 
B-free  diets  at  the  Pennsylvania  State  College.  Because  the  original 
deficient  ration  tended  to  be  lumpy  and  was  easily  scattered  the  composi- 
tion was  changed  slightly  at  the  latter  institution.  Instead  of  56%  corn 
starch,  66%  was  used  and  the  percentage  of  lard  reduced  from  20  to  10. 
Otherwise  the  two  rations  were  identical.  The  normal  Penn  State  and 
the  normal  Albino  Supply  Company  rats  were  kept  on  the  diet  used  for 
the  breeding  stock  (Dutcher,  et  al,  1925). 

Results 

The  results  obtained  with  normal  animals  from  the  Rochester  colony 
are  shown  in  Table  I.    The  average  amount  of  glucose  absorbed  during    j 
the  one-  and  two-hour  periods  was  greater  than  that  found  by  Cori,  while 
the  quantity  absorbed  during  the  third  hour  closely  approximated  his 
first  results.    (See  also  Chart  1.)    Compared  with  those  reported  by  Con 
in  two  later  papers  (1928a)  (1928b)  our  values  for  absorption  during  the 
one-  and  two-hour  absorption  periods  are  but  slightly  higher.    Variations 
are  to  be  noted  in  our  results  which  are  much  greater  than  those  found 
by  Cori.     For  the  one-hour  absorption  period  the  standard  deviation 
calculated  on  the  basis  of  absorption  per  100  grams  of  body  weight  was 
59.3  mgms.  and  the  coefficient  of  variabiUty  25.13%  while  on  the  basis 
of  surface  area  the  corresponding  figures  were  0.289  mgms.  per  sq.  cm. 
and  20.60%.     The  standard  deviation  for  the  two-hour  period  on  the 
basis  of  absorption  per  100  grams  body  weight  was  26  mgms.  and  the 
coefficient  of  variability  11.35%  and  the  values  obtained  based  on  surface 
area  were  0.107  mgms.  per  sq.  cm.  and  7.82%.   For  the  three-hour  period 
the  standard  deviation  based  on  100  grams  body  weight  was  14.6  mgms. 
and  the  coefficient  of  variability  8.69%,  while  on  the  basis  of  surface 
area  the  standard  deviation  was  0.078  mgms.  per  sq.  cm.  and  the  co- 
efficient of  variability  7.85%.    The  results  are  more  nearly  uniform  when 


the  absorption  periods  are  longer  than  one  hour  in  length.   The  choice  of 
litter  mates  in  our  work  did  not  result  in  values  which  are  any  more  nearly 

uniform. 

The  animals  in  the  three  groups  show  losses  in  weight  during  the  24 
hours  preceding  the  absorption  period  (Table  I)  which  are  somewhat 
lower  than  those  observed  by  Cori. 
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Slightly  over  50%  of  the  glucose  injected  was  absorbed  in  one  hour, 
just  under  80%  for  two  hours  and  just  over  90%  for  three  hours.    When 
the  amount  of  sugar  absorbed  per  100  grams  of  body  weight  was  plotted 
against  time,  a  straight  line  was  obtained  by  Cori  but  is  not  obtained  in 
our  results  (see  Chart  1).   Practically  speaking  a  straight  line  is  obtained 
for  the  lirst  two  hours,  but  during  the  third  hour  there  is  a  marked  fallini,' 
off  in  the  absorption  rate.    An  absorption  of  52.6%  of  the  glucose  during 
the  first  hour,  leaves  47.4%  remaining  in  the  alimentary  tract.    If  52//; 
of  the  remaining  47.4%)  were  absorbed  during  the  second  hour,  24. 9^^ 
would  be  taken  up,  making  the  total  amount  absorbed  77.5%  as  against 
the  figure  of  79.4%  which  was  found.    If  52.6%  of  the  remaining  22.5^^ 
were  absorbed  during  the  third  hour,  11.8%  would  be  taken  up  making 
the  total  absorption  89.3%  in  place  of  91.9%  which  is  found.    It  would 
appear  from   this  agreement  that  the  amount  of  glucose  absorbed  at 
all  times  is  a  function  of  the  concentration  of  glucose  remaining  in  the 
alimentary  tract.    Calculation  of  Cori's  results  on  a  similar  basis  reveals 
that  the  absorption  for  the  first  hour  was  30.7%,  leaving  69.3%  unab- 
sorbed.    If  the  same  percentage  of  the  remaining  69.3%  were  absorbed 
the  second  hour,  21.3%  would  be  taken  up,  making  a  total  absorption 
of  52%  as  compared  with  45.2%  actually  found.    Of  the  remaining  48% 
a  further  absorption  of  30.7%  in  the  third  hour  would  give  14.6%,  making 
the  total  amount  of  glucose  absorbed  66.6%  as  compared  with  69.4%, 
the  value  actually  found.    Although  the  absorption  was  at  a  slower  rate, 
there  appears  to  be  the  same  dependence  upon  the  residual  sugar  as  in 
our  own  results,  upon  the  basis  of  percentage  absorption.    Variations  are 
found  in  Cori's  work  which  approximate  those  which  we  have  obtained. 

Table  II  contains  the  results  obtained  with  rats  from  the  Rochester 
colony  which  had  been  placed  on  a  diet  containing  no  vitamin  B  for 
periods  of  41  to  46  days.  Here  again  marked  variations  are  to  be  noted 
among  the  individual  total  amounts  of  glucose  absorbed  and  in  the 
amounts  absorbed  per  100  grams  of  body  weight  per  hour.  The  standard 
deviation  based  upon  the  absorption  per  100  grams  body  weight  for  the 
one-hour  period  was  77.7  mgms.  and  the  coefficient  of  variability  28.67%) 
while  the  corresponding  results  calculated  on  the  basis  of  surface  area 
were  0.410  mgm.  per  sq.  cm.  and  27.78%.  For  the  two-hour  absorption 
period  the  standard  deviation  based  upon  100  grams  body  weight  was 
29.1  mgms.  and  the  coefficient  of  variability  21.72%  while  the  values 
obtained  on  the  basis  of  surface  area  were  0.182  mgms.  per  sq.  cm.  and 
23.39%.     Larger  amounts  of  glucose  were  absorbed  per  100  grams  of 
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body  weight  during  the  first  hour  than  for  normal  rats.    The  reason  for 
this  is  related  to  the  higher  percentage  of  glucose  fed.    See  below. 

The  average  weight  of  the  rats  after  vitamin  B  deprivation  for  41  to  46 
days  was  124  grams,  although  the  original  weights  averaged  higher  than 
for  the  normal  series.  This  smaller  body  weight  would  inevitably  result 
in  greater  energy  requirement  per  unit  of  weight,  provided  the  vigor  of 
the  animals  was  kept  up.  It  was  of  interest  to  see  whether  the  absorption 
would  be  greater  also  per  unit  of  body  surface.  Accordingly  the  absorption 
was  calculated  to  milligrams  per  sq.  cm.  of  body  surface,  using  Aleeh's 
formula  (S  =  kW")  in  which  the  constant  k  has  a  value  (Rubner  (1902b) ) 
of  9.1.  Hill  and  Hill  (1913)  using  results  obtained  with  five  rats,  obtained 
an  average  value  for  k  of  9.93,  however  we  have  used  the  value  9.1  for 
k  in  our  calculations.  The  result  indicates  a  closer  relationship  to  body 
surface  than  to  body  weight  during  the  one-hour  absorption  period 
(Tables  I  and  II).  There  is  a  difference  on  this  basis  between  the  normal 
and  vitamin  B  deprived  animals  of  5.71%  while  on  the  basis  of  body 
weight  the  difference  is  15%  during  a  one-hour  absorption  period.  //, 
however,  the  values  obtained  during  the  two-hour  absorption  period  are  used, 
there  is  a  difference  between  the  normal  and  vitamin  B  deprived  animals  on 
the  basis  of  surface  area  of  76.09%  while  on  the  basis  of  body  weight  this 
difference  is  55.97%. 

In  starting  the  series  on  the  vitamin  B-free  animals  a  change  was  made  to 
a  50  per  cent  glucose  solution  with  the  thought  that  the  greater  concentra- 
tion would  reveal  any  defect  of  absorption  all  the  more  clearly,  as  indeed  it 
does.  But  because  such  marked  variations  were  being  found,  the  per- 
centage concentration  of  the  glucose  fed  was  reduced  again  during  the 
two-  and  the  three-hour  absorption  experiments  to  35  per  cent  and  the  vari- 
ations in  the  amounts  of  glucose  absorbed  were  smaller.  Notwithstanding 
the  difference  in  concentration  the  percentages  of  glucose  absorbed  during 
the  one-  two-  and  three-hour  periods  all  were  materially  less  than  those 
found  for  normal  animals,  as  were  the  total  weights  of  glucose  absorbed. 

The  average  results  indicate  a  decreased  glucose  absorption  during  the 
second  and  third  hours,  there  being  a  very  marked  decrease  in  the  second 
hour,  although  the  smaller  amount  fed  leaves  this  conclusion  a  little  in 
doubt.  An  absorption  of  27.3%  of  the  glucose  during  the  first  hour  leaves 
72.7%  remaining.  If  27.3%  of  the  remaining  72.7%  were  absorbed  the 
second  hour,  19.8%  would  be  taken  up,  making  the  total  amount  absorbed 
47.1%  as  compared  with  48.2%  which  was  found.  The  same  percentage 
of  the  remaining  52.9%  would  give  14.4%  taken  up,  making  the  total 
absorption  61.5%  in  place  of  our  result  of  63.1%.   It  is  evident  also,  from 
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the  curves  in  Chart  1,  that  absorption  cannot  be  entirely  independent 
of  concentration. 

The  rate  of  absorption  of  glucose  in  successive  hours  was  not  studied 
in  the  investigation  at  the  Pennsylvania  State  College,  all    absorption 
periods  being  of  one  hour's  duration  and  the  strength  of  solution  given 
always  35%.     Table  III  contains  the  results  obtained  for  the  glucose 
absorption  by  normal   rats,   a  few  of  which  were  litter  mates,  of   the 
Penn  State  colony.    These  rats  were  older  and  larger  than  those  used  by 
Cori.    The  amount  of  glucose  absorbed  per  hour  per  100  grams  of  body 
weight  varies  within  rather  wide  limits  and  there  appears  to  be  no  re- 
lationship between  the  amount  of  glucose  fed  and  the  amount  absorbed. 
The  standard  deviation  per  100  grams  body  weight  was  46.64  mgms. 
and  the  coefficient  of  variability  was  33.55%.    The  standard  deviation 
based  on  1  sq.  cm.  surface  area  was  0.315  mgms.  and  the  coefficient  of 
variability  33.31%.   It  is  likely  that  the  absorption  would  be  more  nearly 
uniform  if  the  amounts  of  sugar  fed  were  more  nearly  proportional  to 
the  body  weight.    The  average  percentage  of  glucose  absorbed  by  this 
group  of  animals  was  33.5  for  a  one-hour  period,  while  the  average 
found  by  Cori  under  similar  conditions  was  31.8%.    Both  of  these  values 
are  much  lower  than  those  found  for  rats  of  the  Rochester  colony,  due 
possibly  to  a  difference  in  the  ages  of  the  rats  used.    Variations  were  of 
the  same  order  of  magnitude  as  those  found  by  Cori. 

The  results  shown  in  Table  IV  are  those  obtained  in  the  study  of 
glucose  absorption  from  the  intestine  of  rats  which  had  been  on  the  diet 
used  for  the  animals  receiving  no  vitamin  B,  with  the  exception  that  0.25 
grams  of  yeast  were  fed  daily  to  each  rat.  Because  more  than  one  animal 
had  to  be  kept  in  a  cage,  the  food  intake  is  an  average  value.    The  food 
intake  of  these  animals  was  greater  than  that  of  the  animals  receiving  a 
diet  totally  deficient  in  vitamin  B.  This  group  of  animals  lost  an  average 
of  21%  of  their  weight  during  the  feeding  period,  while  the  animals 
having  a  diet  totally  deficient  in  vitamin  B  lost  on  the  average  32%  of 
their  weight  during  a  period  of  similar  length.  The  amount  of  glucose  fed 
was  nearly  uniform  for  these  rats  and  yet  the  amount  of  sugar  absorbed 
varied  markedly.    The  standard  deviation  for  glucose  absorbed  per  100 
grams  body  weight  was  43.10  mgms.  and  the  coefficient  of  variability 
28.92%.   Using  the  figures  for  the  absorption  per  square  centimeter  body 
surface  the  standard  deviation  was  0.259  mgms.  and  the  coefficient  of 
variability  27.63%.    The  percentage  of  glucose  absorbed  was  somewhat 
less  than  that  found  for  normal  animals,  but  the  absolute  amount  per  100 
grams  body  weight  is  149  milligrams  as  compared  with  139  (average)  for 
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the  normals.  The  results  obtained  with  normal  Penn  State  rats  which  had 
received  a  diet  deficient  in  vitamin  B  for  ZZ  to  39  days  are  given  in  Table  V. 
The  amount  of  glucose  fed  was  not  constant,  but,  as  noted  before,  there 
was  no  relationship  between  the  amount  fed  and  the  amount  absorbed. 
Neither  body  weight  nor  loss  in  body  weight  appear  to  have  any  effect 
upon  the  amount  of  glucose  absorbed.  The  rats  in  this  group  had  lost  an 
average  of  32%  of  their  body  weight,  while  the  rats  obtained  from  the 
Albino  Supply  Company  had  lost  39%  and  the  Rochester  rats  40%  of 
their  body  weight  under  similar  conditions.  The  amount  of  glucose 
absorbed  by  the  vitamin  B  deprived  animals  was  less  than  that  absorbed 
by  the  normal  rats. 

The  absorption  per  100  grams  body  weight  per  hour  was  shghtly  less 
with  the  normals  than  with  the  animals  receiving  the  deficient  diet;  how- 
ever the  difference  in  these  figures  is  less  than  10%  and  the  significance 
of  this  is  to  be  questioned.  Although  the  percentage  absorption  of  glucose 
is  somewhat  less  than  normal  in  those  animals  which  had  been  on  a  diet 
partially  deficient  in  vitamin  B,  the  percentage  of  absorption  in  case  of  the 
animals  on  a  diet  totally  deficient  in  vitamin  B  is  slightly  greater  than 
that  of  normals.  This  observation  is  of  particular  interest  in  light  of  the 
fact  that  the  Penn  State  rats  have  been  able  to  resist  the  effects  of  vitamin 
B  deprivation.  The  other  two  groups  of  animals  did  show  a  decrease  in 
the  amount  of  glucose  absorbed.  The  standard  deviation  calculated  on 
the  basis  of  absorption  per  100  grams  body  weight  was  44.87  mgms.  and 
the  coefficient  of  variabiHty  29.72%  while  the  standard  deviation  for  the 
results  based  upon  one  sq.  cm.  surface  area  was  0.299  mgms.  and  the 
coefficient  of  variabiHty  31.52%. 

Table  VI  shows  the  values  obtained  for  glucose  absorption  with  normal 
animals  purchased  from  the  Albino  Supply  Company.  The  amounts  of 
glucose  fed  were  comparatively  uniform  and  the  amounts  absorbed  were 
also  more  nearly  uniform.  The  standard  deviation  based  upon  absorption 
per  100  grams  body  weight  was  17.06  mgms.  and  the  coefficient  of  varia- 
bility 12.83%,  while  for  absorption  per  square  centimeter  body  surface 
the  standard  deviation  was  0.111  and  the  coefficient  of  variabiHty  14.87%. 
Body  weight  does  not  appear  to  influence  the  total  amount  of  glucose 
taken  up.  However,  the  heavier  rats  tend  to  absorb  less  glucose  per  100 
grams  of  body  weight  than  do  the  lighter  animals.  The  amount  of  glucose 
absorbed  per  100  grams  of  body  weight  per  hour  is  considerably  less  than 
the  amount  observed  by  Cori.  A  difference  in  age  of  between  four  and 
eight  months  had  little  effect  upon  glucose  absorption.  The  percentage 
of  absorption  is  sHghtly  less  with  these  rats  than  with  the  Penn  State 
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normals,  and  materially  less  than  with  normals  from  the  Rochester  colony. 

The  results  obtained  with  the  rats  that  came  from  the  Albino  Supply 
Company,  which  had  been  on  a  diet  partially  deficient  in  vitamin  B,  are 
shown  in  Table  VII.  The  amount  of  glucose  fed  to  this  group  of  animals 
has  been  fairly  uniform.  These  rats  had  lost  on  an  average  25%  of  their 
oriirinal  body  weight  during  the  period  of  the  diet  as  compared  with  a  21% 
loss  found  with  the  Penn  State  rats.  The  food  intake  of  these  rats  was 
greater  than  with  the  corresponding  group  on  a  diet  totally  deficient  in 
vitamin  B  and  somewhat  higher  than  in  the  case  of  the  Penn  State  rats 
on  the  same  diet.  The  amount  of  glucose  absorbed  varied  within  wide 
limits.  The  standard  deviation  calculated  on  the  basis  of  absorption  per 
100  grams  of  body  weight  was  30.6  mgms.  and  the  coefficient  of  varia- 
bility 23.91%,  while  the  corresponding  figures  for  absorption  per  square 
cendmeter  body  surface  were  0.196  mgms.  and  23.42%.  There  is  no 
apparent  correlation  between  the  body  weights  of  the  rats  and  the  total 
amounts  of  glucose  absorbed.  The  amount  of  glucose  absorbed  is  slightly 
less  than  that  observed  for  the  normals  of  this  group.  The  percentage  of 
glucose  absorbed  is  a  fraction  of  a  per  cent  higher  than  that  of  the  control 
group. 

Table  VIII  contains  the  results  obtained  with  Albino  rats  which  had 
been  on  a  diet  totally  deficient  in  vitamin  B  for  a  period  of  from  39  to  45 
days.  The  amounts  of  glucose  fed  were  nearly  uniform  and  closely  approxi- 
mate the  amounts  fed  to  the  corresponding  group  of  rats  on  a  diet  partially 
deficient  in  vitamin  B.  These  rats  had  lost  an  average  of  39%  of  their 
body  weight  during  the  feeding  period  as  compared  with  an  average  loss 
of  32%  found  for  the  Penn  State  rats,  and  40%  for  the  Rochester  rats 
under  similar  conditions.  The  amounts  of  glucose  absorbed  were  not  at  all 
constant  nor  were  the  amounts  absorbed  per  100  grams  body  weight  per 
hour.  The  standard  deviation  based  upon  the  absorption  per  100  grams 
body  weight  was  34.1  mgms.  and  the  coefficient  of  variability  33.46%, 
while  for  absorption  per  square  centimeter  body  surface  the  standard 
deviation  was  0.204  mgms.  and  the  coefficient  of  variability  32.48%.  The 
total  amount  of  glucose  absorbed  was  materially  less  than  with  the  normal 
animals  and  those  on  a  vitamin  B-deficient  diet  plus  yeast.  The  absorption 
per  100  grams  body  weight  was  slightly  less  than  with  the  control  rats. 
However,  the  percentage  of  glucose  absorbed  was  about  one-third  less. 
The  average  of  20%  absorption  is  the  lowest  value  found  for  any  of  the 
rats  on  experimental  diets.  There  was  no  correlation  between  body  weight 
and  the  total  amount  of  glucose  absorbed.  The  food  intake  of  the  indi- 
vidual animals  has  had  no  apparent  effect  upon  the  amount  of  absorption. 
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Table  VIII.   The  Absorption  of  Glucose  by  Albino  Rats  on  a  Vitamin  B-Free  Dit.t 
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although  it  should  be  mentioned  that  group  feeding  was  used  because  of 
lack  of  available  space,  and  two  or  three  rats  were  kept  in  a  cage. 

Discussion  of  Results 

Mattill  (1923)  observed  that  rats  deprived  of  vitamin  B  which  have 
received  either  glucose  or  sucrose  show  a  rise  in  the  respiratory  quo- 
tient, although  this  rise  is  less  than  in  the  case  of  normals.  He  has  sug- 
gested that  the  reason  for  this  may  lie  in  a  delayed  absorption.  Our 
results  tend  to  show  that  this  maybe  true  (See  Chart  1).  Miller  and  his  co- 
workers (1920)  have  observed,  however,  with  human  subjects,  that 
feeding  large  amounts  of  glucose  or  sucrose  in  concentrated  solution 
depressed  gastric  secretion  and  delayed  evacuation  of  the  stomach. 
Calculated^on  the  basis  of  grams  of  sugar  per  kilogram  of  body  weight  the 
amount  of  "sugar  used  for  humans  by  Miller  and  the  amount  used  by  us 
for  rats  is  approximately  the  same. 

Experiments  of  this  kind  may  be  vitiated  by  the  fact  that  refusal  of 
food  accompanies  vitamin  B  deprivation  as  Mitchell  (1927)  (1928)  has 
pointed  out.  Luchetti  (1918)  has  found  that  absorption  from  the  intestine 
is  slower  in  dogs  which  have  fasted  than  in  normal  dogs.  It  is  extremely 
difhcult  to  distinguish  between  the  effects  of  vitamin  B  deprivation  and 

inanition. 

The  question  may  be  raised  as  to  possible  explanations  for  the  dif- 
ference in  behavior  between  the  Penn  State  rats  and  the  rats  of  the  other 
two  groups.  Young  rats  of  the  Penn  State  colony  show  little  or  no  effect 
of  vitamin  B  deprivation  over  a  period  of  a  year  other  than  a  failure  to 
grow.  Older  rats  of  this  same  colony  when  placed  on  a  diet  containing 
no  vitamin  B  lose  weight  slowly  and  their  appetite  diminishes.  It  should 
be  remembered  that  the  food  intake  of  the  Penn  State  rats  remained  at 
a  higher  level  during  vitamin  B  deprivation  than  that  noted  for  rats 
obtained  from  the  Albino  Supply  Company.  The  Penn  State  rats  did 
not  lose  as  much  weight  as  rats  of  the  other  groups  under  the  same  con- 
ditions. The  Penn  State  rats  were  pied,  and  the  other  groups  were  albino, 
so  that  racial  differences  may  have  affected  the  results.  With  rats  of  the 
other  two  groups  there  was  a  marked  decrease  in  the  absorption  of  glucose 
when  vitamin  B  was  absent  from  the  diet.  We  cannot  account  for  the 
lowered  absorption  with  the  Penn  State  rats  that  had  been  receiving 
yeast  with  the  partially  B-deficient  diet.  Additional  observations  might 
have  shown  this  difference  to  be  of  a  lesser  value. 

The  variations  in  the  percentage  glucose  absorbed  with  the  Penn  State 
rats  on  a  vitamin  B-free  diet  were  much  greater  than  those  noted  with  the 
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two  other  groups  which  makes  the  interpretation  of  these  results  difficult. 
With  the  Penn  State  rats  it  would  appear  that  vitamin  B  deprivation  had 
variable  effects.  The  differences  noted  with  animals  of  different  origin 
illustrate  the  necessity  of  using  a  standard  group  of  animals  for  such 
investigations.  The  experimental  work  with  the  Rochester  rats  was  per- 
formed during  the  winter  months,  while  the  work  with  the  other  two 
groups  of  rats  was  done  during  the  spring  and  summer.  That  the  time  of 
year  during  which  the  observations  were  made  may  account  for  some  of 
the  dilTerenccs  noted  between  the  Rochester  rats  and  the  other  groups  is 
to  be  doubted  because  all  were  subjected  to  about  the  same  temperature, 
although  Riddle  and  Ploneywell  (1924)  have  found  that  cold  weather 
causes  a  marked  lowering  in  the  concentration  of  blood  sugar  in  pigeons 
kept  outdoors. 

Mottram,  Cramer  and  Drew  (1922)  have  shown  that  the  presence  of 
vitamins  in  the  food,  particularly  vitamin  B,  causes  a  more  rapid  ab- 
sorption of  fat  from  the  intestine.  Never  (1928),  after  having  studied 
the  effect  of  vitamin-free  diets  upon  the  secretion  and  motihty  of  the 
intestinal  tract,  and  upon  appetite,  concludes  that  these  three  are  dis- 
turbed secondarily  and  the  most  significant  disturbance  Hes  in  absorption 
from  the  intestinal  tract. 

Seth  and  Luck  (1925)  studied  the  absorption  of  amino  acids  from  the 
intestinal  tract  by  analyzing  the  blood  of  the  animals  used  (rabbits  and 
dogs),  determining  the  amino  acid  and  urea  content.  In  general  there  was 
a  rapid  rise  in  the  amino  acid  nitrogen  in  rabbit's  blood  during  the  first 
two  hours,  following  the  ingestion  of  amino  acids,  after  which  there  was 
a  smaller  increase  or  a  decrease.  In  a  subsequent  experiment,  in  which 
dogs  were  used,  the  ammo  acids  were  injected  into  the  small  intestine  by 
means  of  a  hypodermic  needle  and  a  pipette.  The  amino  nitrogen  in  the 
arterial  blood  tended  to  increase  rapidly  after  the  injection,  and  gradually 
fell  off,  the  same  holding  true  for  the  amino  nitrogen  in  the  portal  blood. 
The  urea  content  of  the  blood  increased  more  rapidly  early  in  the  period 
and  tended  to  decrease  after  one  or  two  hours.  The  results  indicate  that 
absorption  does  not  take  place  at  a  uniform  rate,  for  if  it  did,  we  should 
expect  to  find  a  consistent  and  uniform  increase  in  the  amount  of  amino 
nitrogen  in  the  portal  blood. 

The  statistical  treatment  of  the  results  obtained  is  of  questionable 
value,  because  of  the  small  numbers  of  animals  used  in  some  of  the  groups, 
except  to  emphasize  the  large  variability  of  the  results. 

The  authors  plan  to  continue  this  investigation. 
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SUMMARY 

1.  The  method  devised  by  Cori  for  the  quantitative  study  of  the 
absorption  of  glucose  by  the  whole  alimentary  tract  has  been  used. 

2.  Three  different  groups  of  animals  were  used,  one  group  from  the 
Rochester  colony,  a  second  from  the  Penn  State  colony  and  a  third  from 
the  Albino  Supply  Company.  The  Penn  State  rats  were  pied,  while  the 
other  two  groups  were  albino.  The  results  obtained  with  the  dUferent 
groups  do  not  correspond  closely. 

3.  The  rate  of  absorption  of  glucose  was  not  uniform  for  the  one-  two- 
and  three-hour  periods,  this  being  particularly  noticeable  in  case  of  the 
rats  which  had  received  a  diet  deficient  in  vitamin  B. 

4.  The  total  amount  of  glucose  absorbed  and  the  amount  absorbed  per 
100  grams  of  body  weight  per  hour  by  normal  and  vitamin  B-deprived 
animals  varied  within  wide  limits.  These  variations  were  not  dependent 
upon  body  weight  nor  upon  the  actual  amount  of  glucose  fed. 

5.  Absorption  per  square  centimeter  of  surface  area  varies  markedly, 
although  the  results  indicate  that  there  is  a  slightly  closer  relationship 
between  absorption  and  body  surface  than  between  absorption  and  body 

weight. 

6.  The  percentage  of  glucose  absorbed  during  one-,  two-  and  three-hour 
periods  appeared  to  be  dependent  upon  the  amount  of  glucose  remaining 
unabsorbed  in  the  alimentary  tract. 

7.  The  Rochester  rats  which  had  been  on  a  diet  containing  no  vitamin 
B  absorbed  a  smaller  percentage  of  the  glucose  fed  than  did  normal 
animals. 

8.  Vitamin  B  deprivation  had  little  effect  upon  absorption  in  rats  of 
the  Penn  State  colony,  rats  on  a  diet  totally  deficient  in  vitamin  B  ab- 
sorbing practically  the  same  amount  of  glucose  as  the  normal  animals. 
Rats  which  had  been  on  a  B-deficient  diet  but  had  received  yeast  did 
absorb  a  lesser  percentage  of  the  glucose  fed. 

9.  Rats  from  the  Albino  Supply  Company,  which  had  received  a  diet 
containing  no  vitamin  B  absorbed  a  smaller  amount  of  the  glucose  fed 
than  did  normal  animals.  Rats  on  the  same  B-free  diet  which  had 
received  yeast  showed  little  difference  in  absorption  as  compared  with 
normals. 

10.  The  percentage  of  glucose  absorbed  by  normal  animals  of  the  Penn 
State  colony  and  the  Albino  Supply  Company  closely  approximates  that 
found  by  Cori. 
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11.  The  variation  in  the  percentage  of  absorption  with  our  normal 
animals  is  somewhat  greater  than  the  percentage  variation  to  be  noted 
between  the  absorption  coefficients  found  by  Cori. 
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(P.)  desired  to  determine  quantitatively  the  amount  of  indole 
present  in  bacterial  cultures.  Prior  to  this  time,  Bergeim's 
method  (1)  had  been  found  to  be  satisfactory  for  the  estimation  of 

indole  in  feces. 

Bergeim  believed  that  of  the  large  number  of  color  reactions 
which  had  been  used  for  the  determination  of  indole,  only  the 
/5-naphthoquinone  sodium  monosulfonate  reaction  of  Herter  and 
Foster  (2,  3)  offered  much  promise  as  a  basis  for  the  accurate 
determination  of  indole  in  feces.  On  the  basis  of  this  experience 
we  have  investigated  the  apphcability  of  this  method  for  the 
quantitative  determination  of  indole  in  bacterial  cultures. 

Bergeim's  method  consists  of  a  steam  distillation  of  a  feces 
suspension  in  an  alkaline  medium  to  remove  phenols.  The  dis- 
tillate, which  contains  indole  and  ammonia,  is  redistilled  from  an 
acid  solution  or  treated  with  permutit  (exchange  silicate)  to 
remove  ammonia.  A  portion  of  the  ammonia-free  distillate  is 
treated  with  /i-naphtluxiuinone  sodium  monosulfonate,  the  blue 
indole  compound  formed  being  extracted  with  chloroform  and 
determined  colorimet rically . 

A  survey  was  made  of  other  methods  which  had  l)een  recom- 

*Mr.  Kilhoru  a.ssistod  in  the  later  studies  ma<l.'  at  Pennsylvania  State 
CollcfTo. 
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mended  for  the  determination  of  indole  quantitatively  in  bacterial 
cultures.  Fellers  and  Clough  (4)  made  a  comprehensive  study 
of  this  problem  several  years  ago,  and  discussed  the  relative  merits 
of  the  various  methods  which  had  been  used  prior  to  the  time 
their  work  was  undertaken.  They  have  classed  the  Hcrterand 
Foster  method  as  ''fairly  satisfactory"  but  they  do  not  recom- 
mend Bergeim's  modification  of  this  procedure  for  accurate  work. 
They  concede  that  the  method  is  useful  for  separating  indole 
quantitatively  from  skatole  Init  they  say  that  ''the  procedun^  is 
involved  and  the  reagent  exceedingly  difhcult  to  obtain."  Another 
objection  was  that  the  reagent  did  not  keep  well  on  standinj^. 
After  studying  a  number  of  procedures,  Fellers  and  Clough  de- 
cided to  us(»  the  l^hrlich  (5)  />-(iiniet}iylaniinobenzaldehyde  reac- 
tion for  their  determination  of  indole. 

Zoller  (6)  has  objected  to  the  use  of  Bergeim's  method  because 
(a)  indole  had  to  be  separated  from  phenols  and  ammonia  and  this 
procedure  was  involved,  (6)  the  reagent  deteriorated  rapidly  and 
was  difficult  to  obtain,  and  (c)  a  colorimeter  had  to  be  available 
for  the  determination. 

The  reagent  may  be  obtained  from  the  Eastman  Kodak  Com- 
pany at  present,  the  price  of  10  gm.  being  90  cents.  This  amount 
of  /3-naphthoquinone  sodium  monosulfonate  is  suflRcient  for 
approximately  500  determinations,  and,  if  the  solution  containing 
this  reagent  is  kept  in  the  ice  box,  it  does  not  deteriorate  during  a 
period  of  3  days.  When  a  precipitate  forms,  the  reagent  should 
be  discarded.  The  separation  of  indole  from  phenols  requires 
distillation  from  an  alkaline  medium  and  the  subsequent  removal 
of  ammonia  by  the  use  of  permutit  or  a  second  distillation  from 
an  acid  solution.  This  procedure  does  require  time,  but  it  is  not 
at  all  difficult  to  carry  out  with  average  equipment,  and  a  colorim- 
eter is  usually  available  in  modern  laboratories. 

EXPERIMENTAL. 

Before  Bergeim's  method  was  used  to  determine  the  amount  of 
indole  present  in  bacterial  cultures,  a  study  was  made  of  the 
percentage  of  indole  recovered  from  water  solutions,  sterile  2 
per  cent  solutions  of  Witte's  peptone  in  water,  and  bacterial  cul- 
tures in  peptone  water,  to  which  definite  amounts  of  a  standard 
indole  solution  had  been  added  just  prior  to  the  distillation.    The 
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bacterial  cultures  were  prepared  by  inoculating  100  cc.  of  peptone 
water  with  0.2  cc.  of  a  feces  suspension  prepared  according  to 
Torrey  (7),  the  indole  being  determined  after  48  and  96    hours 
incubation  periods.     A  definite  amount  of  the  culture  medmm, 
usually  10  cc,  was  removed  and  diluted  to  400  cc.  before  distilhng. 
The  water  solutions  of  indole  were  prepared  by  adding  known 
volumes  of  a  standard  indole  solution  to  400  cc.  of  water,  while  the 
peptone    water    solutions    were    prepared    by    diluting    definite 
amounts  of  peptone  water,  usually  10  cc,  to  400  cc  with  water  and 
adding  known  volumes  of  a  standard  indole*  solution.     The  solu- 
tions containing  indole  were  distilled  from  800  cc  Kj(ddahl  flasks 
which   were   attached    to    connecting   bulb^:    leading    to    24    inch 
Li('l)ig'  condensers   arranged   in   an   upriglit   position.     (Uass   de- 
livery tubes  were  fitted  to  the  ends  of  the  condensers  so  that  the 
distillate  passed  directly  into  50  cc  of  water  in  the  receivers  which 
were  500  cc.  volumetric  flasks.     Prior  to  the  distillation  process, 
5  cc.  of  10  per  cent  KOH  and  approximately  2  gm.  of  paraflftn  were 
added,  the  latter  to  prevent  foaming.     The  amount  of  KOH  added 
placed  the  pH  in  the  range  of  8.5  to  10.0,  which  Zoller  (8)  found 
to  be  optimum  for  the  recovery  of  indole  from  solutions.     The 
distillation  was  carried  out  by  the  combined  use  of  a  flame  and 
steam.     The  steam,  obtained   from  a  high  pressure  line    (about 
50  pounds)  was  passed  through  the  contents  of  the  flask  until  the 
volume  in   the  receiving  container  amounted  to  500  cc.     This 
insured  a  maximum  recovery  of  the  indole  which  had  been  added 
to  the  solutions. 

The  initial  heating  must  be  carried  on  ivith  caution  to  avoid  exces- 
sive foaming  and  loss  of  indole  by  a  too  rapid  volatilization.  Al- 
though the  larger  amount  of  indole  passes  over  with  the  first 
100  cc.  of  the  distillate,  as  Fellers  and  Clough  have  pointed  out, 
it  has  been  observed  by  the  writers  that  some  indole  remains 
unvolatilized  and  the  method  loses  its  quantitative  aspect  unless 
approximately  500  cc.  of  the  distillate  are  collected  and  the  volume 
of  the  contents  of  the  Kjeldahl  flask  is  reduced  to  about  150  cc. 
Water  is  added  to  the  solution  by  the  condensation  of  steam,  and 
if  the  flow  of  steam  is  too  rapid,  it  is  impossible  to  reduce  the  final 
volume  to  150  cc.  The  steam  flow  may  be  controlled  by  regu- 
lating outlet  valves  on  the  steam  line. 

50  or  100  cc.  of  the  distillate,  depending  upon  the  amount 
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of  indole  present,  were  transferred  to  a  500  cc.  Erlenmeyer  flask 
and  20  gm.  of  washed  permutit^  were  added.  The  flask  and  con- 
tents were  rotated  moderately  for  10  minutes,  then,  as  soon  as  the 
permutit  settled,  the  liquid  was  poured  into  a  150  cc.  pear-shaped 
separatory  funnel.  The  flask  was  rinsed  with  5  to  10  cc.  of  water 
twice,  the  rinse  water  being  decanted  and  added  to  the  contents 
of  the  separatory  funnel.  1  cc.  of  a  2  per  cent  solution  of 
/3-naphthoquinone  sodium  monosulfonate  and  2  cc.  of  10  per  cent 
KOIT  were  added,  tlie  contents  of  th(^  funnel  shaken,  and  tho 
mixture  allowed  to  stand  for  lo  minutc^s.  A  ^reenisli-hlue 
color  developed  and  this  colored  compound  was  extracted  \mi 

TAHl.i:  T. 
Indole  Rccovtrijfnnn  \V(il>  r  Solulions,  I'vplonc  Wah  r,  dtcl  Hurh  rial  (,'uUiir,^ 

in  Peptone  Water. 


N 


o. 


Medium. 


1 

2 
3 
4 


Indole 
udded. 


Average  Xo.  of 

•11,  J „ . . .       : 

recovered.  tioiis. 


Water  solutions. 

"      distilled        with 
steam. 

Water  sohitions  distilled  with- 
out steam. 

2    per    cent    Witte's    peptone 
water. 

Bacterial  cultures  in  2  per  cent 
Witte's  peptone  water. 


0  2-2  0 


5  0 


5  0 


0  5-10  0 


0  5-5  0 


per  cent 

94.62 
96  92 

88.58 
90  82 
90  85 


40 
34 

IS 
33 

2S 


with  a  10  cc.  portion  of  chloroform  and  again  with  a  7  cc.  portion. 
The  chloroform  extract  was  drawn  off  each  time  into  a  15  cc.  gradu- 
ated cylinder.  The  amount  of  solvent  used  was  sufficient  to  yield 
a  final  volume  of  15  cc.  The  standard  was  prepared  similarly  and 
at  the  same  time  as  the  unknown  by  using  1  cc.  of  an  indole  solu- 
tion containing  O.l  or  0.2  mg.,  diluted  to  100  cc.  The  standard 
was  usually  set  at  30  mm.  in  the  colorimeter. 

Table  I  shows  the  results  obtaincnl  during  a  study  of  thf^ 
recovery   of   various   amounts   of   indole   from   water   solutions, 

1  The  i)ermutit  is  washed  to  remove  very  fine  particles  which  woull 
otherwise  cause  a  cloudiness  in  the  solution  to  he  used  for  the  coloriinctric 
comparison.     The  permutit  may  he  recovered. 
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neptone  water,  and  bacterial  cultures  in  peptone  water  to  which 
definite  amounts  of  indole  had  been  added  after  incubation. 

The  average  percentage  of  indole  recovered  from  water  solutions 
of  indole  in  Series  1  was  94.62  per  cent.  The  results  in  Series  2 
and  3  illustrate  the  importance  of  using  steam  throughout  the  dis- 
tillation period.  The  percentage  of  indole  recovered  by  using 
steam  continuously  during  the  distillation  was  96.92,  while  that 
recovered  without  the  use  of  steam  was  88.58.  This  result  was 
to  be  expected,  for  sul)stances  ndatively  insoluble  in  water  and 
nossessing  an  appreciabh^  vapor  pressure  at.  lOO"  ajv  iviuovod  more 

Imlole  Reeovercd  Jii/ni  Baclcruil  (Cultures. 


Indole  111  ciiUure. 

1  iidole  added. 

1  nd<>l(,'  iouiKi. 

I  iid"l<'  rt.vd'.cred. 

mg. 

mg. 

mg. 

l)cr  cent 

10  r^s 

0  5 

11  05 

104  0 

7  61 

0  5 

8  03 

84  0 

10  05 

10 

10  94 

89  0 

11.80 

1.0 

12  71 

91  0 

2  99 

10 

3  95 

96  0 

1  66 

2  0 

3  51 

92  5 

9  30 

2  0 

11  06 

88  0 

10  58 

3  0 

13  29 

90  3 

10  98 

3  0 

13.75 

92  3 

10  84 

3  0 

13  49 

85  0 

8  06 

5  0 

12  65 

91.8 

12  42 

5  0 

16.99 

91  4 

13  20 

5  0 

17  81 

92.2 

14  34 

5  0 

18  97 

92  6 

efficiently  from  solution  by  steam  distillation.  The  determina- 
tions made  in  Series  4  and  5  show  th(^  percentage^  of  added  indole 
recovered  from  sterile  peptone  water  and  bacterial  cultures  in 
peptone  water.  Approximately  91  per  cent  of  the  indole^  which 
had  been  added  was  recovered.  Tabh^  11  shows  in  detail  the 
recovery  of  indole  from  bacterial  cultures  to  which  known  amounts 
of  indole  had  been  added  just  prior  to  distillation.  There  appears 
to  be  a  retention  of  indole  by  the  ])ept()ne  water.  Fellers  and 
Clough  have  observed  this  same  phenomenon  in  th(^  case  of  experi- 
ments in  which  attempts  were  made  to  remove  indole  from  de- 
composing protein  matter. 
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Attention  has  been  called  to  the  interference  of  the  pale  yellow 
color  of  the  naphthoquinone  reagent  which  modifies  the  pink 
color  of  the  chloroform  extract,  but  according  to  Bergeim  this  is 
scarcely  appreciable  when  as  much  as  0.1  mg.  of  indole  is  present. 
With  smaller  quantities  of  indole  this  factor  cannot  be  neglected. 
The  standard  used  should  contain  approximately  the  same  amount 
of  indole  as  the  unknown.  Chloroform  tends  to  form  an  emulsion 
during  the  extraction  of  the  colored  indole  compound.  The 
emulsion  breaks  within  1  or  2  minutes.  It  was  obscM-vod  that 
chh)rof()nn  containing  a  trace  of  waiw  did  not  tend  t,o  onmlsiiy 
as  readily  as  chloroform  which  contained  no  water. 

Th(^  standard  indole  solutions  should  be  l'n\shly  prepanMJ, 
although,  if  kept  in  the  ice  box,  little  or  no  change  takes  place 
during  periods  of  3  or  4  days. 

The  color  fades  but  slowly  from  the  chloroform  extracts,  there 
bein'^  no  appreciable  changf^  during  a  20  minute  period  following 

the  extraction. 

Permutit  (exchange  silicate)  proved  to  be  entirely  satisfactory 
for  the  removal  of  ammonia  from  the  distillate. 

Bergeim  found  indole  to  be  removed  quantitatively  from  solu- 
tion by  his  process  of  distillation.  We  have  found  that  an  average 
of  90  per  cent  of  the  indole  is  removed  from  bacterial  cultures  under 
the  conditions  enumerated.  Although  the  method  is  not  109 
per  cent  quantitative,  it  is  more  nearly  so  than  other  methods 
which  have  been  devised. 

SUMMARY. 

1.  Bergeim's  method  for  the  determination  of  fecal  indole  has 
been  adapted  to  the  quantitative  estimation  of  indole  in  bacterial 
cultures. 

2.  An  average  of  91  per  cent  of  the  indole  added  to  peptone 
water  or  to  bacterial  cultures  in  peptone  water  has  been  recovered 
by  use  of  this  method. 

3.  The  average  percentage  of  indole  recovered  from  water 
solutions  ranged  between  94  and  97. 

4.  Steam  should  be  passed  through  the  contents  of  the  dis- 
tilling flask  during  the  entire  period  of  distillation  and  the  solution 
remaining  in  the  flask  at  the  end  of  the  period  should  amount  to 
approximately  150  cc. 
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5.  The  method  outlined  in  the  preceding  discussion  is  more 
nearly  quantitative  than  the  method  of  Fellers  and  Clough,  and 
the  procedure,  once  the  technique  is  standardized,  is  not  involved. 

6.  The  reagents  required  are  comparatively  inexpensive  and 
may  be  obtained  without  difficulty. 
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The  Bactericidal  Action  of  Indole. 

R.  B.  KILBORN,  II.  B.  PIERCE  and  R.  P.  TITTSLER. 

(Introduced   by   R.   A.   Dutcher.) 

From  the  Department  of  Agricultural  and  Biological  Chemistry  and  the  Division 

of  Bacteriology,  Pennsylvania  State  College. 

Gordon  and  McCleod^  have  called  attention  to  the  fact  that  there 
is  little  or  no  information  to  l)e  found  in  the  literature  deahng  with 
the  antiseptic  potency  of  indole.  By  experimentation  these  authors 
found  indole  to  have  an  antiseptic  effect  ranging  from  2  to  10 
times  that  of  carbolic  acid,  the  efficiency  depending  upon  the  kmd 
of  bacteria  exposed  to  its  action.  B.  coli  was  one  of  the  most  resis- 
tant organisms  but  failed  to  grow  in  the  presence  of  0.1%  indole. 
Gordon  and  McCleod  believe  that  indole  production  may  well  be 
the  mechanism  by  which  B.  coli  maintains  its  dominant  position  in 
the  fecal  flora.  l)uring  a  study  of  the  production  of  indole  by  fecal 
bacteria,  information  was  desired  concerning  the  effect  of  indole 
upon  the  growth  of  bacteria. 

The  medium  used  for  the  tests  was  2%  Witte's  peptone  water 
which  had  been  adjusted  to  yield  a  pH  of  7.6  after  autoclaving.  A 
solution  of  indole  1-1000  was  prepared  and  filtered  by  pressure 
through  a  Seitz  filter.  Various  amounts  of  this  s(dution  were  added 
to  50  cc.  portions  of  sterile  peptone  water.  The  flasks  of  medium 
were  then  inoculated  with  the  organism  to  l)e  studied  by  transferring 
a  loopful  (^f  a  24-hour  culture  in  2%  peptone  water.  All  of  the  test 
cultures  were  incubated  at  }i7"  G.  for  24  hours  after  which  counts 
were  made  by  the  plating  method. 

The  results  obtained  are  shown  in  Table  1.  The  growth  of  all 
of  the  microorganisms  studied  was  hindered  by  the  presence  of 
indole  in  the  culture  medium.     RscJicrichia  coli  was  the  most  resis- 

1  Gordon.  J.,  and  McXTleod,  J.  W.,  .7.  Path,  and  Bact.,  1926,  xxix,  13. 
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Effect  of  Various 


TABLE  I.  .  ,  ^        ^, 

Concentrations  of  Indole  on  Bacterial  Growth. 


Organism 


Escherirhin 

coli 


Cone,   of 
Indole 


1 


Eberthella 
typhi 


Salmonella 
schotmulleri 


1000 
1  1000 
1  'JOOO 
1  2000 
1  4000 
1  4000 
1  4000 
1  4000 
1-4000 
1-4000 
1-8000 
no  indole 


<  I 
1 1 


1 1 
1 1 
It 


1-1000 
1-2000 
1-2000 
1-4000 
no  indole 
no  indole 


1-1000 
1-2000 
1-4000 
1-4000 
1-4000 
no  indole 
no  indole 


^Estimated. 


Total 
Count 


per   oc. 

0 
0 

0 

r,so,ooo 

(U, 000,000 
:;i»,000,000 

4r)',(u^o,ooo 

♦iO,000,000 
70,000,000 
250,000,000 
370,000,000 
480,000,000 
,500,000,000 
.520,000,000 

0 

500 

194 

40,000,000 

207,000,000 

230,000,000 


Organism 


Aerobacier 

(in  (Kjriirs 


Salmonella 
paratyphi 


39,000 

87,000,000 

74,000,000 

80,000,000 

480,000,000 

550,000,000 


Salmonella 
rnteritidis 


Cone,   of 
Indole       ' 


1  1000 
1  1000 
I  2000 
1  2000 
1  4000 
1  4000 
1-4000 
1-SOOO 
1-HOOO 
no  indole 
no  indole 


1-1000 
1-1000 
1-2000 
1-2000 
1-2000 
1-4000 
1-4000 
1-8000 
1-8000 
no  indole 
no  indole 

1-1000 
MOOO 
1-2000 
1-2000 
1-4000 
1-4000 
1-4000 
no  indole 
no  indole 


Total 
Coiuit 


per    ec. 
0 
0 

8,000 

4,000 

95,000,000 

83,000,000 

80,000,000 

450,000,000 

560,000,000 

600,000,000 

900,000,000 


0 

0 

22 

0 

195 
42,000,000* 
0 
270,000,000 
210,000,000 
430,000,000 
810,000,000 

0 

0 

18,300 

21,000 

90,000,000 

98,000,000 

130,000,000 

300,000,000 

380,000,000 


tant  of  the  organisms  studied.  Nevertheless  its  growth  was  pre- 
vented in  the  presence  of  0.1%  indole.  Salmonella  paratyphi  was 
apparently  very  susceptible  to  the  action  of  indole.  Each  result 
shown  in  the  table  was  obtained  by  the  analysis  of  separate  cultures. 
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1    THE  CHEMICAL  APPROACH  TO  THE  STUDY  OF 
■      PROBLEMS  OF  TOBACCO  FERTILIZATION' 

1).  !•:.  IIALICY- 

Of  thu  manv  factors  involved  in  the  production  of  Kood-ciuahty 
cigar-leaf  tobacco,  the  ,,otassiuni  requirement  is  one  ot  the  most  mv 
lortant  In  or.ler  that  we  may  undcrstan<l  more  clearly  its  im- 
po  tan<'^'.  1-t  ,is  first  consider  se^•eral  well-establishe.l  tads  ol  a 
;,,,^,„,,,,  .,,  1,i,„.bcnncal  nature  winch  bear  dinrtlv  or  nvhivctlv  on 
.,,,.  .„l„c.-.  a,i.!,  fnrtl,cr„..!v.  !■■.  us  lonnulalc  .h  .iKanM-a!  inl.r- 
,;;Han..n1ora,.,nnl,er.lo,l,erv.,.,.,nicxvla.Mbl.,,bMr>,a-..i-Alc,,h 

;,,v,  been    n..w.A   bv   a   number  oi    worker,   in    llie.r   ,nv,-n-aP.ons 
:);,,!,,,.,  ,vilhn,rn'lano,,,l,iiw,f,H,la.:.innilM.l.'ria''^'^^^'i' '''''-' ''■''''' 

(lualitv  ..i  the  iiro,hui.  

\  knowlclRC  of  the  conchtion  of  j.otassnnn  as  U  uonnaily  oc<   us  in 
the  soil  is  of  fundamental  importance  in  a  stu.ly  o1  ih.s  lond.      A 

...      1         ._*  :,...... ^n,.  .,-r,. ^-,.111  m  f'lilicr  chemical  or 

^mallquautuv  oi  iniseicHiei.i  ..^  ^.oti.>....  ,." -■  .   ,.        , 

phvsical  union  with  the  soil  organic  matter.    .V  portion  ol  this  potas- 
sium is  readih-  axailable  for  plant  K'ro«th,  but  complete  a\-a,lab,l.ty 
can  oiih-  be  attained  hv  .leeompositioii  oi  tlie  or-anic  matter.     It  is 
necessarv,  therefore,  to  pay  .-lose  attention  to  the  iMoh.Kical  con- 
ditions o'f  the  soil  and  especialh-  to  those  factors  alTectm-  the  number 
and  activities  of  the  organisms  which  ,le<-<«npose  orK'anu-  matter 
Work  Ol  the  Cornell  and  other  experiment  stations  has  shown  that 
the  nutrition  of  these  orKanisms  must  be  provide.l  lor  even  before 
that  of  hiKher  plams.     The  fa<-t  that  additions  of  oruanu-  matter 
lead  t<,  a  temi-orarv  depletion  of  soil  nitrogen  <-ertainly  emphasizes 
this  poun     What  is  tnie  for  nitrogen  probably  is  true  lor  other  essen- 
tial plant  nutrients.  althouKh  the  effect  may  not  be  so  apparent. 
With  this  in  mind,  we  should  profit  from  the  restilts  ol  nuestiKatiom 
of  the  factors  involved  in  the  depletion  of  soil  nutrients  and  especially 
with  the  factor  of  crop  rotation.    Moreover,  the  prece.bng  <Top  may 
have  a  dire<-t  or  indirect  beariiiK  on  the  a<•ti^■ity  of  soil  micro-organ- 
isms apart  from  its  effect  on  the  a^•ailable  supplies  of  plant  nutrients 
There  is,  for  instaiu-e,  the  fa%-oral.le  effect  of  clover  as  contrasted  with 
the  unfavorable  effect  of  timotlu'.  as  shown  In-  the  work  con,h.cted 
at  Cornell  and  elsewhere. 

-Pa„or  read  as  ,.art  of  the  svnipnsnmi  on  "Tol.aceo  Research-  at  the  meeting 
of  the  Soeiety  held  ,n  Washinglon,  D.  C,  November  2.,  ■y2«.  Pubhca  ,on 
authorised  by  the  U.rector  of  the  I'eiinsylvania  AKriculniral  bxpcrnnc-nt  Station 

as  Technical  Pai)cr  No.  473-  ..    .      /-  n  cf.,f« 

^Professor   of   Soil    and    Phytochcnnstrv.    Pennsvlvania,   State   College,    State 

Collejie.  Pa. 
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The  bulk  of  the  soil  potassium  is  held  in  inorganic  combinations 
and  is  looked  upon  as  being  more  or  less  unavailable  for  plant  growth. 
Considerable  quantities  of  this  potassium  may,  nevertheless,  be- 
come available  for  tobacco  plants  if  the  proper  conditions  are  main- 
tained. Especially  is  this  true  for  that  portion  adsorbed  by  the  in- 
organic soil  colloids.  Potassium  so  combined  may  be  in  equilibrium 
with  the  i)otassium  dissolved  in  the  soil  solution,  but  the  concen- 
tration of  xhv  latter  is  usually  ([uite  low,  although  an  acid  condition 
iiici-rasrs  \]\v  anioiirit  going  into  solntinn.  Tliis  (luantity  i-;  diri'dlv 
a\-aila1)U'  for  ])]ant  riiitrition,  but  for  niaxinunn  a1)S()r])ti()n,  Iiowi^xht, 
tlir  root-liairs  must  be  in  intimate  ("onlact  with  tlie  indi\-i(lnal  soil 
]>artic](--  sn  tlial  tlir  rx'olutioTi  ^^i  oa.rl)on  dioxidf-  from  tlu'  jilanl  ma\' 
Irad  1<)  llic  (lis])la(-!  nienl  of  tlie  adsorbed  ])otassiir!n,  h>-drogi-n  taking 
its  |)lace  in  the  colloidal  com])lex.  This  fonn  of  ])otassium  is  quite 
satisfactory  for  nutritional  ])uri)oses  because  no  harmful  acid  radical 

IS     (JU'IUUinCO.      UlLll      IL.         ^\U_\       ictV_L01,      LllCiCiVML,      vvill»„ll     xc*.\wio     iKjyj^     ^a.^^- 

velo])ment  will  increase  the  amount  of  ]jotassium  absorbed  by  the 
growing  ])lant  which,  on  the  whole,  is  desirable. 

Some  ]jlants  miay  absorb  sufficient  quantities  of  ])otassium  from  the 
soil  to  su])]:)ly  their  needs,  but  this  is  not  true  for  tobacco  plants  on 
account  of  their  limited  root  systems.  For  this  reason,  therefore,  it  is 
necessary  to  have  am])le  quantities  of  readily  available  ])otassium  at 
their  dis]:)Osal  to  sup])ly  not  only  their  nutritive  requirements,  but  to 
provide  sufficient  quantities  to  insure  good  burning  qualities.  From 
this  standpoint,  therefore,  the  question  of  ])otash  additions  should 
receive  careful  consideration  and  in  this  connection  it  may  be  said 
that  as  far  as  work-  at  the  Pennsyh-ania  vStation  is  concerned  muriate 
of  i)otash  should  never  be  used  as  a  fertilizer  for  cigar-leaf  tobacco. 

The  addition  of  the  common  p(~)tash  salts  to  soils  relatively  high  in 
colloidal  matter  results  in  jjotassium  being  adsorbefl  and  other  ad- 
sorbed bases  being  re])la(^e(l.  The  bases  which  are  replaced  subse- 
quently combirie  with  the  acid  radi(^als  of  the  potash  salts.  Theo- 
retically, it  would  appear  ■j)ossible  for  the  acid  radicals  to  be  leached 
out  of  the  soil.  Our  results  shov.  h()we\'er,  that  seasonal  difierences 
have  no  effet^t  upon  the  quantity  of  (diloriiie  absorbed  by  the  plants 
from  a  given  application  of  muriate  of  ])otash.  On  the  other  hand, 
these  experiments  h,a\'e  shovvn  that  sulfur  is  not  absorbed  very  readily, 
or  at  least  it  does  not  aeeunuilate  in  the  leaves  to  any  great  extent. 

Potassium  in  eombination  with  aeid  radicals,  such  as  the  chloride 
and  sulfate,  will  not  fmi("tion  properlv  in  comlnistion.  Tliereforc,  a 
wide  ratio  betveen  potassium  and  sueh  radicals  is  extren^ely  im- 
portant.    For  this  reason,  tliereforc,  it  would  appear  that  the  car- 
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honate  or  nitrate  of  potash  would  be  more  desirable  as  a  fertilizer 
ht  either  the  muriate  or  sulfate.     The  effects  of  earbonate  o 
notash  on  the  reaction  of  the  soil  and  its  physical  eond,t,on  is  not 
de  irable     Neither  is  the  over-loading  of  the  plant  w,th  read.ly  ava.l- 
ab  e  nitrogen  compounds  desirable.     If,  howe^•er,  the  condrtions  are 
ud.  that  the  nitrogen  of  nitrate  of  potash  is  utUized  effKnently  by- 
he  plants,  there  results  a  liberation  of  potassium  for  ,ts  nonnal 
wtions  in  growth  and  for  catal>-tic  a<■ti^•lties  chirmg  ,-ombust,on. 
T,  our  ^'ork  a,  ,he  'Pobaceo  Station  hn-aled  at  Ivphra.a,  baneaster 
.■ou.nv    IVnnsvlvania,  «v  have  used  .00  pounds  ..f  .ullat.  0I  potash 
„,,.a.re    believiu,  that  tl,i.  att.ouut   was  ^uhi.  iettt   1,,,-  ,  .ur  putpose. 
\„alv.es  of  the  lo.-.  crop,  howexer.  sltowed  a  potash.  <'o„,et,t  o,   the 
i,ave,..t,lvsh,htlv,t.exoos.of.';.     .  .„  t  l,e  o,  l.T  l:an„.  the   htue 
content  ran  qutle  high,  appro.Knnately  S'  , .     In  lo-'O  the  p.otastt  atid 
Hme  content  were  approximately  3'  ,  and  7' ;  •  respectively,  while  m 
,„,■,  each  of  these  constituents  api)r()ximated  about  5   c- 
"The  quantitv  of  potash  in  the  leaves  appeared  to  be  <lire<tly  pro- 
portional to  the  moisture  conditions,  while  the  lime  content  was  m- 
verselv  proportional.     These  results  lea<l  us  to  beliexe  that  a  con- 
siderable amount  of  lime  must  hax-e  been  leached  out  of  the  soil 
Simultaneously  a  better  root  dex-elopment  of  the  plant  was  obtained 
resulting  in  more  potash  being  absorbed.     Considerable  evi<  ence  is 
now  available,  howe^■er.  which  shows  that  the  presence  ot  relatively 
lar<^e  quantities  of  active  lime  compounds  in  an  ordinary  soil  serious- 
ly  Tnterferes  with  the  solubility  of  the  potash  and  its  absori-tion  by 

''' The  bunting  qiialities  of  the  three  crops  closely  parallele.l  their 
potassium  content,  and  especially  was  this  trt.e  as  to  the  fomi  m 
which  this  element  occurred  in  the  leaves.  This  brings  out  the 
question  of  the  relation  of  potassium  to  the  plant  itselt.  It  is  ttiought 
that  it  plavs  a  role  in  the  synthesis  of  carbohydrates.  In  onler  that  it 
may  function  in  this  capacity,  however,  it  must  be  m  a  more  re- 
active fonn  than  either  the  chloride  or  sulfate. 

.\nother  of  the  im,)ortant  roles  of  potassium  in  plant  metabolism 
IS  to  neutralize  the  aculs  pro<luce.l  as  a  result  of  cell  nK-tabohsm. 
Therefore,  m  or.ler  to  function  properlv-,  it  shoul.l  likewise  be  m  a 
more  reactive  fonn  than  either  the  muriate  or  suliate.  It  a  plant  1., 
proiierlv  supplied  with  potash,  sulhcient  fiuantities  are  -present  tor  the 
ncutralizati.m  of  a<-ids  an<l  to  trans-port  tliem  to  okler  tissues  con- 
taining higher  (luantities  of  calcium  where  they  may  be  pre.ipitatetl. 
If  these  acids  are  not  removed  from  the  rea.tive  system,  the  pkant 
<loes  not   develop  nonnallv  and  is  less  resistant   to  the  attacks  o. 
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disease  organisms.  For  this  reason,  any  factor  leading  to  an  undue 
production  of  organic  acids,  such  as  heavy  api)Hcations  of  nitrate 
nitrogen,  should  he  avoided  l)ecause  it  tends  to  increase  the  duties  of 
the  potassium  ])resent. 

We  believe  that  the  more  potassium  found  in  the  leaf  in  combi- 
nation with  organic  acids,  es])ecially  those  containing  In^lroxy  groups, 
the  Ix'ttiT  the  quality-  of  the  tobacco.  Such  tissues  are  usually  of  a 
low  aci(Ht\-  \v1iieli  is  conchicix-e  to  good  curing  and  fermentation. 
MorroMT,  it  isa  wril-lamwn  lac!  ilia1  1  lie  cat  a1\-lic  rlUvl  of  ]  m  )1assiinn 
(hu-ni'j,  cniiiliuslioii  l^  grealer  wluTr  il  is  coinljiiuMl  witli  <  >rgaiMr 
ac-iil>  liiaii  if  it  wriT  |)resriit  a<  ilir  niuriati'  r:v  suhalc 

Till'  ri'latinii  ^i  -poia^^iinn  to  oilier  ])kmt  ('(nnpomi<l^  shouM  ^.lol  lir 
miiiinii/A'ii.      We  recognize,  for  exanrjile,  tliat  iron  nia_\'  ael  as  a  cata- 
lyst during  combustion  if  it  is  i)resent  in  a  certain  fonn  or  fornis, 
Moreo\-er,  it  is  also  recognized  that  an  alkaline  reaction  is  more  de- 
siraoie  lor  ciucienL  I'oniouMioii  Luaii  ir>  an  a.^  kl  h^u,v. liv,..!.     v.^iii.,^u,i^, 
therefore,  the  system  of  ])otassium  chloride— iron  chloride  with  the 
system   i)otassium   citrate — iron   citrate.      Under    which    c>ondition 
would  it  be  ])ossible  for  both  an  alkaline  reaction  to  be  ol)tained 
during  combustion  and  the  subsequent  ])recipitation  of  iron  oxides' 
An  additional  ])oint.   howe^'er,  must  l)e  taken  into  consideration. 
Where  ])otassium  salts  of  hydroxy  organic  acids  are  present  in  relative- 
ly large  amounts,  there  is  afforded  an  o])i)ortunity  for  iron  to  enter 
such  a  molecule  to  form  a  solul)le  (xmiplex.     We  believe  that  under 
such  conditions,  a  better  distribution  of  the  iron  occurs  throughout 
the  tissues.     (\Ttainly  Iloffer's  work  shows  this  to  be  true.     If  iron 
does  occur  in  this  fonn  it  is  ])reci])itated  during  combustion  in  a 
colloidal  state  thus  yielchng  a  maximum  surface  for  catalytic  action. 
Moreover,  it  is  found  to  possess  magnetic  pro])erties  when  precipi- 
tated in  this  way.  and  as  iron  is  sup])osed  to  show  maximum  catalytic 
powers  when  it  a])|,)roaches  a  mixture  containing  an  equal  quantity 
of   FeO  and  Fe-jO.^,   es])ecially  when  an  active  basic  compound  is 
])resent,  this  f(jnn  of  iron  and  ])Otas.sium  is  desirable. 

In  conclusion  I  wish  to  say  that  ])robably  no  agricultural  plant 
l^resents  such  enormous  possibilities  for  further  and  more  detailed 
chemical  studies  than  does  the  tobacco  ])lant. 
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PHYSICAL  CHEMISTRY  AT  THE  PENNSYLVANIA  STATE 

COLLEGE* 

WHEELER    P.    DAVEV    AND    MaRT.N    W.    L.SSE,    ThE    PENNSYLVANIA    StATB    COLUEC.B, 

"  State  College,  Pennsylvania 

The  catalog  of  The  Pennsylvania  State  College  lists  as  physical  chein- 
istrv  all  courses  which  "involve  both  physics  and  chemistry  or  which  he  on 
'.order  line   between   these   snbjects."     The  broad   .Unnfon   of   the 
''  i„„,,i,,a  in  these  words  seen.s  to  be  both  logual  an,!  workable.      I 

'    liasizes  the  essential  unitv  of  eheniistry  and  phvsies  an<i  ,s  n,  ace,.rd 
iK-trend  ,n  both  these  snb.iects.     The  spint  of  this  deUinUon  earnes 
„^„„  ,„„u  the  nn.krgradnate  and  the  graduate  work.      1  he  resnlt   ■ 
tit  physical  chemistry  is  pnmanly  regar<led  as  a  jomtly  owned  project 
of  th     physics,    chemistry,    and    biochemistry  departrnents.     Gradua  e 
l,rses  which  contain  a  great  deal  of  physics  and  some  chemistry  (such  as 
atomic  structure  and  spectroscopy)  are  taught  as  physical  eiieuu,.ry   b, 
Ae  appropriate  members  of  the   physics   department.      Other  graduate 
courses  (such  as  catalysis)  are  taught  as  physical  chemistry  by  members  o 
the  chemistry  department  who  do  no  undergraduate  teaching  m  physical 
hemistr>^     Still  other  graduate  courses  (such  as  x-rays,  crystal  structure, 
and  colloids)  are  taught  by  those  who  give  ""^-Sraduate  instruction  only 
in  physical  chemistry.      Still  other  graduate  courses  (such  as  the  physical 
chemistry  of  the  cell)  are  given  by  members  of  the  biochemistry  depart^ 
ment.     In  this  way  the  joint  control  of  the  work  by  the  physics  and 
chemistry  groups  is  emphasized  without  neglecting  the  "physical  chemists. 

Much  the  same  situation  exists  in  the  undergraduate  work      I  ectures  m 
classes  in  which  the  subject  matter  has  a  distinctly  physical  trend  are  given 
by  members  of  the  physics  staff.     Members  of  the  chemistry  s  aff  give  the 
lectures  in  classes  in  which  the  subject  matter  is  predominant  y  chemicab 
Courses  which  emphasize  strongly  both  the  physical  and  the  chemical 
viewpoints  are  taught  by  specialists  whose  training  and  experience  lias  been 
in  both  subjects.     In  addition,  two  undergraduate  course^  m  e  ementa  y 
phvsical  chemistry  are  ofTere.l  by  the  department  of  biochemistry  which, 
for' various  reasons,  is  attached  to  the  School  of  Agriculture  rather  than  to 
the  School  <.f  Chemistry  and  Physics.     The  will  to  coi'.perate  is,  however, 
so  strong  between   those  teaching  physical  chemistry  in  the  two  schools 
that  little  or  no  inconvenience  seems  to  result.' 
The  problems  <,f  nn<lergraduate  instruction  in  physical  chemistry  at  1  ne 

•  Contribution  to  the  symposium  on  '■The  Teaching  of  Physical  Chemistry  "  hcW 
bv  Divisions  of  Phvsical  and  L.organic  Chemistry  au<l  Chenncal  P.ducat.on,  at  the  ,  bth 
Meeting  of  the  A.  C.S,  September  U.KC.H,  at  Swampscott.  Mass.  „    o,hool  of 

■  For  convenience  in  administratio,.,  the  physical  chcnnstry  work  of  onr  School  of 
Chemistry  and  Physics  is  listed  as  a  division  of  the  chemistry  department. 
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Pennsylvania  State  College  are  rather  unusual.  Because  of  the  probability 
that  similar  problems  will  come  up  in  other  colleges,  it  seems  worthwhile 
to  state  in  detail  what  these  problems  are  and  how  they  are  being  met. 
Four  widely  dillerent  types  of  undergraduate  students  are  required  to  take 
courses  in  physical  chemistry.     These  may  be  classified  as  follows: 

(a)  vStudents  witli  weak  mathematical  training  who  arc  not  required  to 
take  either  ])hysics  or  chemistry  as  sucJi  in  their  curriculum  and  whose  life- 
work  will  probably  not  rcciuire  a  technical  course  in  either  science. 

(/))  Students  with  weak  mat liciiiatical  traiiiiii-  who  arc  rccimrcd  (o  take 
clcmcntarv  courses  in  both  phvsics  and  clicnnstrv  and  who  nci-d  clcnicntarv 
physical  chcniistry  as  part  of  tluir  training. 

(c)  Students  with  at  least  one  vear  of  cM)ll(-e  phvsics,  (mv  and  one  luilf 
years  of  college  (hemistry,  and  niatlu-matics  through  calculus;  whose  major 
subject  in  college  retpiires  a  good  usable  knowledge  of  at  least  a  portion  of 
physical  chemistry. 

(>/)  Students  specializing  in  physics  or  chemistry.  1  hese  men  arc 
required  to  take  mathematics  through  dilTerential  equations. 

These  four  groups  present  four  dilTerent  problems,  not  only  because  of 
their  widely  different  preparation,  but  also  because  of  their  dilTerent  view- 
points. It  is  not  claimed  that  we,  at  Penn  State,  have  found  the  best 
possible  solution  to  the  problem,  but  we  believe  we  have  at  least  a  workable 
solution. 

Group  ((I)  Certain  of  our  college  curricula,  such  as  Arts  and  Letters, 
Commerce  and  Finance,  and  I{ducation  do  not  include  even  the  elementary 
college  courses  in  chemistry  and  ])hysics.  IMost  students  in  the  curriculum 
in  Ivducation  have  no  mathematics  beyond  what  they  had  in  high  school 
and  this  does  not  have  to  exceed  algel)ra  up  to  quadratics  and  plane 
geometry.  Students  in  the  curricula  of  Arts  and  Fetters  and  of  Commerce 
and  Finance  are  recjuired  as  part  of  their  general  cultural  training  to  take 
throughout  the  freshmen  year  a  "survey  course"  in  mathematics  which 
covers  in  three  hours  per  week  the  elements  of  algebra,  trigonometry, 
analytic  geometry,  and  calculus.  All  of  these  students  are  required  by 
their  res])ective  schools  to  take  also  a  one-year  survey  course  involving 
both  i)hysics  and  chemistry  as  part  of  their  cultural  training.  By  detini- 
tion,  such  a  course,  combining  as  it  does  simultaneous  instruction  in  both 
l)hysics  and  chemistry,  is  listed  as  physical  chemistry.  Those  lectures 
which  emphasize  the  ])hysical  side  of  the  ])icture  are  given  by  a  member  ot 
the  ])hysics  statT;  those  which  enqihasize  the  chemical  side  are  given  by  a 
member  of  the  chemistry  staff,  l^y  close  c()o])erati(m  of  the  two  the  lec- 
tures make  a  homogeneous  whole.  I  )emonstration  ex])eriments  arc  carried 
on  throughout  the  lectures,  not  by  way  of  illustrating  laws  and  rules  given 
ex  cathedra  to  the  class  by  the  lecturer,  but  rather  as  a  means  of  providing 
delinite  facts  on  which  to  base  a  (liscussi(jn  from  which  the  class  discovers 
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for  itself  the  laws  involved.     This  is  one  of  the  most  popular  courses  in  the 
rnlleee      It  has  about  460  students. 

Group  (6) -Students  in  the  pre-medical  and  biochemical  curricula  are 
rpnuired  to  take  the  usual  elementary  courses  in  physics,  and  m  inorganic, 

nalvtical,  and  organic  chemistry.  It  is  almost  self-evident  that  these 
students  need  a  good  working  knowledge  of  physical  chemistry.  Although 
thev  have  mathematics  through  trigonometry,  their  whole  mental  bias  is 
inclined  to  be  non-mathematical.  It  is  easv  to  say:  "Put  more  mathe- 
nntics  in  their  curriculum,"  but  it  is  hard  to  fmd  the  necessarv  lime. 
It  is  easv  to  condemn  a  student  for  not  liking  mathematics,  but  it  does 
not  f..lluw  that  onlv  matlieinatic.d  enthusiasts  have  a  rightful  place  in  the 
,vorld,  even   tli.nigh  that   world   is  constantlv   becoming  more   and  more 

inathematical.  r  ,       u 

We  seem  to  have  our  choice  of  two  ways  of  solving  the  problem  oi  teacdi- 
ing  these  men  physical  chemistry.     We  can  give  them  merely  the  qualita- 

.     -1  fu^f  ,.T.o..fi  f^f  t^h^'c;rr,l  rhemistrv  twenty  years  ago,  or  we 
tive  inaLeiicii  tiiaL  pa.^.>^li  i^*   |..i^.,.^..-  ^  .    - 

can  try  to  give  them  a  word-picture  of  what  higher  mathematics  is  really 
like   and  then  use  the  language  and  notation  of  calculus  (with  constant 
reference  to  the  word-picture)  in  the  effort  to  show  these  students  how  we 
arrive  at  modern  physico-chemical  ideas.     At  The   Pennsylvania  State 
College  we  have  adopted  the  second  of  these  alternatives.     It  is  important 
in  this  connection  to  note  that  those  who  teach  physical  chemistry  m  the 
School  of  Agriculture  and  those  who  teach  it  in  the  School  of  Chemistry  and 
Physics  have  arrived  at  practically  the  same  solution  of  the  problem.     A 
conference  of  teachers  from  both  schools  shows  that  the  work  offered  by 
one  differs  from  that  offered  by  the  other  mainly  in  minor  details.     W  e  feel 
that  the  close  parallelism  between  the  courses  developed  independently  by 
the  two  Schools  is  a  strong  argument  in  favor  of  the  correctness  of  our 
solution  of  the  problem.     It  will  be  of  interest  to  describe  the  two  courses 

more  in  detail.  . 

All  juniors  in  group  (b)  are  required  to  take  a  full   year  of  physica 
chemistry.     Premedical  students  are  scheduled  in  the  same  lectures  and 
laboratory  sections  as  men  from  groups  (r)  and  (J)      They  are  taught  by 
men  in  the  department  of  chemistry  who  are  specialists  in  physical  chem- 
istr}^     Students  in  [biochemistry  and  in  certain  agricultural  curricula  are 
scheduled  in  separate  courses  which  are  taught  by  a  specialist  in  the  de- 
partment of  bio-chemistry.     It  is  taken  for  granted  in  both  courses  that 
the  subject  cannot  be  taught  without  the  use  of  mathematics,  but  there  is  a 
constant  effort  in  both  courses  to  keep  the  mathematics  to  a  minimum 
consistent  with  a  proper  understanding  of  physical  chemistry.     When- 
ever there  is  a  choice  between  an  elegant  mathematical  derivation  and 
a  word  picture  of  a  physical  idea,  the  word  picture  is  used.     If  a  mathe- 
matical discussion  is  necessary  for  a  proper  understanding  of  a  given 
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topic,  it  is  preceded  by  a  qualitative  word-picture,  and  the  mathematical 
treatment  is  correlated  step  by  step  with  the  word  picture.  Although 
of  necessity  derivations  of  equations  are  given  frequently  in  the  lectures, 
every  efTort  is  made  to  keep  from  taking  for  granted  any  previous  knowledge 
of  mathematics.  Even  simple  algebraic  steps  are  explained  in  detail. 
This  is  in  accord  with  the  common  experience  that  the  average  student 
does  not  carry  over  into  one  classroom  all  that  he  has  learned  in  some 
other  classroom.  Nor  is  it  to  be  expected  that  he  will.  If  he  knew 
enou-h  about  mathematics,  physics,  and  chemistry  to  be  able  to  corrclaU 
thenrhimself  during  a  lecture  in  physical  chemistry,  he  would  already  know 
sii  nnich  |)hysical  chemistry  that  he  would  not  need  to  take  the  course. 
It  is  a  common  mistake  in  teaching  to  assume  that  correlations  which  are 
almost  self-evident  to  the  teacher  will  occur  at  all  to  the  unaided  student. 

Not  only  are  the  bio-chemistry  and  the  chemistry  departments  in  accord 
in  their  treatment  of  the  mathematical  side  of  elementary  physical  chem- 
istry, but  they  are  in  substantial  agreement  as  to  what  topics  should  be 
included  and  what  should  be  omitted  from  an  elementary  course.     The 
courses  given  by  both  departments  include  most  of  the  standard  topics  to 
be  found  in  the  index  of  any  recognized  elementary  text  except  that  thermo- 
dynamics is  omitted  entirely.     It  is  our  feeling  that  the  study  of  physical 
chemistry  from  the  thermodynamic  standpoint  should  be  put  off  until 
the  student  has  had  a  chance  to  find  out  what  the  subject  matter  of  physical 
chemistry  consists  of.     This  topic  is  therefore  postponed  until  the  senior 
course  mentioned  under  ((i).     Both  departments  agree  also  in  the  necessity 
for  having  the  student  work  out  numerous  problems  in  connection  with  his 
elementary  work.     The  chemistry  department  assigns  about  two  hundred 
problems  during  the  year.     The  biochemistry  department  assigns  about 
450  problems,  some  of  which  are  non- mathematical. 

The  courses  offered  by  the  biochemistry  and  the  chemistry  departments 
for  students  in  group  b  differ  considerably  in:    (1)  the  order  in  which  topics 
are  taken  up,   {2)  the  illustrations  cited  for  the  various  topics,   (5)  the 
reference  books  used,  and  (4)  the  amount  of  laboratory  work  required. 
These  differences  reflect  partly  the  differences  in  personalities  of  the  instruc- 
tors (each  feeling  free  to  give  his  course  in  the  way  in  which  he  feels  he 
can  do  it  best)  and  partly  the  previous  training  of  the  members  of  the 
class.     They  do  not  affect  the  general  content  of  the  two  courses  nor  the 
basic  aims  which   underlie  them.     The  biochemistry  department  gives 
three  lectures  and  one  two-hour  conference  per  week  during  the  first 
semester  on  the  general  laws  and  theories  of  physical  chemistry.     This 
is  followed  in  the  second  semester  by  two  lectures  and  one  three-hour 
laboratory  period  per  week,  covering  the  more  specialized  topics  such  as 
colloids,  pH,  buffers,  potent iome try,  surface  tension,  viscosity,  electro- 
phoresis, electroendosmose,  membrane  potential,  electrometric  titration. 
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kinetics  of  enzyme  reactions,   photochemistry,  etc.     Practically  all  the 
illustrations  used  in  the  lectures  come  from  the  fields  of  biology,  bio- 
chemistry, and  agriculture,  since  these  are  fields  of  primary  interest  to  the 
students.     Most  of  these  illustrations  are  but  rarely  found  in  the  text- 
books in  physical  and  physiological  chemistry  in  common  use.     During 
the  first  semester  Chapin's  "Second  Year  College  Chemistry"  is  used  as  a 
text  supplemented  by  frequent  references  to  Findlay's  "Physical  Chemis- 
tn^  for  Students  of  Medicine,"   and  Philips'   "Physical  Chemistry;    Its 
Ikarin-  on  Biologv  and  Medicine."      Durini.^  the  second  semester  the  text 
,sKruyt"s  "Colloids"  sup])lemented  by  Pauli's  "Proteins,"   Loeb's  "Pro- 
teins ""  Clayton's  "iCmulsions,"  Cowdry's  "(U-neral  Cytology"  and  Iloe- 
bcr-<'"inivsikalischc   Chemie  der  Zelle  und  Cewebe"    (translated  by  the 
instructor"  and  made   availal)le   as  a  reference   to  the   students   in   type- 
written form).     Required  laboratory  work  is  confined  to  three  hours  per 
week  during  the  second  semester.     Additional  laboratory  work  may  be 

elected. 

The  chemistry  department  gives  three  lectures  per  week  during  the  first 
semester  and  two  lectures  per  week  in  the  second  semester.     A  three-hour 
laboratory  period  per  week  is  given  throughout  the  year.     The  lectures  of 
the  first  semester  include  atomic  structure  theory,  the  three  states  of 
matter  (with  considerable  emphasis  on  the  crystal  structure  of  solids), 
colloids  and  surface  phenomena,  osmosis.     Those  of  the  second  semester  in- 
clude chemical  equilibria,  thermochemistry,  chemical  kinetics,  theory  of 
solutions,  electrolytic  conduction,  electrolytic  equilibrium,  electromotive 
force,  pH,  photochemistry.     Since  the  lectures  are  also  attended  by  stu- 
dents in  metallurgy,  ceramics,  geology,  chemistry,  chemical  engineering, 
and  physics,  an  effort  is  made  to  draw  in  illustrations  of  physico-chemical 
principles  from  all  these  fields.     This  means  that  the  pre-medical  students 
do  not  have  a  chance  to  get  so  many  illustrations  from  the  biological 
sciences  as  do  those  in  the  course  given  by  the  biochemistry  department. 
This  is  to  a  large  extent,  however,  offset  by  the  breadth  of  information 
which  they  gain  by  hearing  in  the  same  lecture  illustrations  from  their  own 
field  and  from  two  or  three  other  fields.     It  is  the  experience  of  the  chem- 
istry department  that  the  premedical  men  are  as  interested  in  the  prop- 
erties of  metals  as  deduced  from  crystal  structure  studies  as  they  are  in 
learning  that  crystal  structure  studies  indicate  a  fundamental  difference 
in  the  type  of  union  between  the  atoms  of  an  organic  molecule  (such  as 
their  drugs)  and  the  atoms  of  most  inorganic  compounds  (such  as  NaCl). 
They  seem  as  interested  in  monomolecular  oil  films  on  water  or  on  the 
metals  of  a  bearing  as  in  the  monomolecular  layer  of  the  stabilizing  agent 
of  an  emulsion.     As  in  the  case  of  the  course  given  by  the  biochemistry 
department,  the  iUustrations  used  in  the  course  given  by  the  chemistry 
department  come  from  many  sources.      They  cannot  be  found  in  any 
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one  book,   nor  even  in  any  ordinary  collection  of  books.     No  regular 
text  is  used  in  connection  with  the  lectures.     The  students  are  all  re- 
quired to  use  Getman's   "Outlines  of  Theoretical   Chemistry"    because 
it  contains  so  much  material  that  they  stand  a  good  chance  of  finding  in  it 
the  topic  which  they  need  to  look  up.     No  regular  assignments  are  made 
in  Getman,  but  whenever  possible  the  statement  is  made  in  the  lecture 
that  the  ground  covered  will  be  found  in  Chapter-  -of  Getman.     Pre- 
nie(li(-il  students  arc  advised  to  use  Bayliss'  "General    Physiology"  as  an 
additional  reference.      Knox's  "Physico  Chemical  Calculations"  is  nciiiiivd 
as  a  source  of  ])rol)lenis.     The  laboratory  work,  using  Findlav's  '■  Practical 
Physical  Chcniistrv"  as  a  text,  consists  of  one  three-hour  ])eri()d  ])cr  week 
throiighont  the  vcar.      In  addition  to  the  text,  niinicogra])licd  shccl^  aiv 
fnrnished  for  each  experiment.     These  sheets  are  partly  hitended  to  till  tlu 
gap  between  the  laboratory  manual  and  the  actual  experiments  which  we 
assign,  but  thev  are  also  intended  to  give  the  student  an  idea  of  why  he  is 
asked  to  do  that  sort  of  experiment  at  all  and  to  show  him  the  importance 
of  that  type  of  laboratory  work  in  industry,  medicine,  or  research. 

Group  (c). ---This  group  includes  juniors  in  metaUurgy,  ceramics,  mining, 
geologry,  and  electrochemistry.  Although  these  men  have  all  studied 
calculus  they  are,  with  few  exceptions,  distinctly  non-mathematical  in  their 
general  mental  habits.  All  of  these  students  come  from  other  schools  in 
the  college  and  the  amount  of  physical  chemistry  which  they  are  required 
to  take  is  prescribed  by  their  own  schools.  For  instance,  metallurgists 
take  all  the  lectures  throughout  the  year  but  no  laboratory  work :  ceramists 
take  only  the  lectures  of  the  first  semester,  so  that  they  get  no  instruction 
in  the  theory  of  solutions,  electro-chemistry,  etc.;  geologists  and  electro- 
chemists  are  required  to  take  both  lectures  and  laboratory  work  during  the 
first  semester.  These  students  all  take  their  work  along  with  the  pre- 
medical  men  and  with  the  juniors  of  group  id). 

Group  ((/).  --These  men  are  all  enrolled  in  the  physics,  chemistry,  physical 
chemistry,  or  chemical  engineering  curricula.  These  students  all  have 
mathematics  through  calculus  and  most  of  them  through  differential  equa- 
tions. From  the  very  nature  of  their  work  it  is  to  be  assumed  that  all  of 
them  have  had  considerable  experience  in  using  mathematics.  During 
their  junior  year  these  men  are  all  given  the  laboratory  work  and  lectures 
already  described  for  our  pre-medical  students  under  (/>).  This  course 
serves  to  give  them  an  idea  of  physical  chemistry  as  a  whole.  It  is  the 
equivalent  of  the  average  undergraduate  college  course  in  the  subject. 
We  give  as  the  aim  of  their  junior  course  that,  (J)  the  laboratory  work  is 
to  give  them  a  facility  in  making  physico-chemical  measurements  without 
which  they  cannot  hope  to  hold  a  job  at  all,  and  (2)  the  lectures  and  proh- 
lems  are  to  give  them  a  knowledge  of  the  theory  without  which  they 
cannot  hope  to  hold  a  worthwhile  job. 
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The  field  of  physical  chemistry  is  already  so  large  and  >s  growng  so 
J  V  that  a  student  cannot  learn  in  one  year  all  that  h.s  prospect.ve 
'''tver  enLts  him  to  know.  We  have  therefore  scheduled  a  secon.l 
r  Xor^for  our  senior  chemists,  chemical  engineers,  physical  chennsts 
•  ^hvsicists  These  men  are  already  supposed  to  know  from  the.r 
iS  nior  year  what  physical  chemistry  is  about.  They  are  sup- 
i  to  have  acquired  a  "feel"  for  the  subject.  They  are  now  ready  for 
';:  ,  t  a  onrs  '  which  uses  the  junior  course  as  a  foundation  and  wluch 
,  Lvou.l  the  ordinarv  undergraduate  work,  Dunng  thcr  scn.o 
;  ,..f.,rc,  Ihev  arc  requircl  to  cover  the  sub.^.t  .n„n  the  .tan.  ,..„>, 

;,  „„.,,vnauncs:      The  curse  follows  the  general  content  and  treatn      U 
X„ve.  and   Sherrill.      The   junior   eour.e   has   as   Us  ann    the   students 
;„,,,^,,,,,,^.  ,,,,,,.,;    Uu.  senior  course  ha.  a.  ,t.  an,,  tiu.  .tuden.  .  uUnnate 

1C];X'and  senior  courses  not  only  g.vc  a  good  training  for  the  student 

,   ^   ,  , ., ;..,.r.itv  nt  the  end  of  his  senior  year,  but  they  also 

e       a  good  foundation  for  his  nu,re  fortunate  brother  who  goes  on  to 
^rauate  w  ork .     The  senior  cot.rse  goes  beyond  the  undergraduate  trauung 
imo't  universities.    For  this  reason  it  carr.es  graduate  cred.t  for  the  benefit 
r::;roming  to  our  Graduate  School  from  other  institution.  J^^ 
tlK-past  year,  one-third  of  the  men  taking  our  semor  course  uere  gradua  e 
Ints.'  They  represented  undergraduate  work  done  ^^^^<^^;^^^^ 
class  colleges  and  universities.     So  far,  not  one  of  our  graduate  studen 
from  other  institutions  has  had,  as  an  undergraduate,  the  -l"-'-^  .'^;^^. 
oourse  described  above.     This  ntay  leave  us  open  to  the  ;---''; 
forcing  our  undergraduates  too  far.     Hut  we  Ikuc  to  ^^•■-•■"''^■7  •;,:';' 
vear,  as  our  knowledge  of  physical  chennstry  grows,  mdustry  denuurds  a 
better  trained  raw-recruit  than  the  year  before. 

Such  a  course  leads  naturally  to  a  general  mathe.nat.cal  gra.luatc  course 
which  covers  in  one  year  the  equivalent  of  Taylor's  two  volumes,  exevt 
that  somewhat  more  attention  is  giNcn  to  the  ntathcnat.cs  of    he  l)eb>   - 
imckel   theorv   of   solutions  of   electrolytes.     The   course   nught   well   be 
called  "The  application  of  physics  and  mathenratics  to  chenncal  prob- 
lems."    It  is  ot 'e  of  the  aims  of  the  course  to  help  the  studen  sovercon,e 
the  natural  fear  which  any  normal  hu,na,>  being  has  of  a  page   ..11  of  equa- 
tions and  to  train  the...  to  rc^a.l  s..ch  a  page  easily  with  the  a,<l  of  a  pc.e.l 
and  a  piece  of  ,,aper.      I.,  this  way  we  try  to  prepare   then  for  a  tt...e, 
possibly  ten  or  fiftee,.  vears  hc.ce,  whe..  by  reaso,.  of  chang.ng  co..d.tums, 
the  ability  to  rca<l  a  matl.cnatical  article  i..  physical  chcustry  w.ll  be  a 
prerequisite   to   adva..cen,ent   in   their   chosen   profess.on.     I'or   graduate 
students  who  preset  physical  cl.en.islry  as  their  ...ajor  subject  the  gc.era 
mathematical  co.irse  is  followc.l  by  speciali/.ed  co..rses  ...  x-rays  a..d  crystal 
structure,   coUoi<ls,   catalysis,   phase   nde,    ato.nic   theory,   spectroscopy, 
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microchemistry,  etc.  For  graduate  students  in  bio-physical  chemistry 
the  department  of  biochemistry  offers  additional  courses  m  physical  chem- 
istry of  the  cell  and  in  bio-physical  measurements.  These  courses  not  only 
lead  to  advanced  degrees  in  bio-physical  chemistry  when  supplemented 
by  physical  chemistry  courses  offered  by  the  chemistry  department  and 
by  additional  work  in  mathematics,  but  they  also  serve  to  give  physico- 
chemical  training  to  graduate  students  in  agriculture. 

We  do  not  wish  to  take  the  ground  that  the  solution  given  above  to  the 
problem  of  teaching  phvsical  chemistry  is  the  only  |)()ssil)k'  solution,  or 
even  that  it  is  the  best  possil)le  solution.  We  do  feel  that  it  is  a  workable 
solution  which  apparently  fits  our  i)eculiar  conditions.  We  have  outlined 
our  solution  rather  completely  m  the  hope  that  it  may  be  of  value  to  other 
institutions  which  have  equally  complex  problems.  It  is  inevitable  that 
the  men  we  graduate  this  year  will  some  day  have  to  compete  with  younger 
and  still  more  highly  trained  men.  This  implies  that  any  proper  solution  of 
the  problem  of  teaching  physical  chemistry  must  take  into  account  the 
obligation  to  give  our  students  such  a  training  in  mathematics  and  science 
that  this  year's  class  can  fill  for  itself,  by  home  study,  the  gap  between 
physical  and  bio-physical  chemistry  as  we  know  it  today,  and  the  physical 
and  bio-physical  chemistry  that  will  be  fifteen  years  from  now. 
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RAVMOM)  J.  MILLKR  and  R.  ADAMS  Dl'TCHER 
Department  of  Agricultural  and  Biological  Chemistry, 

H.  C.  KNANDEL 

Department  of  Poultry  Husbandry,  The  Pennsylvania  iState  College 

(Rrrrind  for  Puhlwatinn  S-li;.2<^) 
Previous  studies'  iu  tliis  la])()rat()ry,  usiu^  rats  as  the  oxjier- 
imental  animals,  have  led  us  to  believe  that  the  bone-asli  method 
is  verv  useful  in  (letenniuin«r  the  effiei<'nev  of  l)()iie  ossification 
Furthei'niore,  since  x-i-ay  and  liue-test  data  did  not  lend  them- 
selves readily  to  (|uautitative  interpretation,  it  was  thought  that 
llie  (letei-nnnation  of  hone-ash  might  he  useful  in  arriving  at 
(juantitative  conclusions,  proxided  suffici<'nt  data  coidd  be  col- 
lected, using  normal  and  i-achitie  animals  at  various  ages. 
Uupublislied  data  ol)tained  <lui-ing  the  past  two  years  support 
this  assumption,  since  in  nuniy  cases  we  have  obtained  definite 
j)roof  of  inci'eased  ossification  as  evidenced  hy  the  line-test 
when  in  I'ealily  the  hone-ash  determination  showed  little  or 
no  hone  deposition.  On  the  other  liand,  hones  from  different 
animals  ha\'e  heen  compared  where  tlx'  line-test  showed  no 
marked  differences  in  ossification,  while  the  percentage  of  })ou'^ 
ash  in  rat  femora  dilfered  as  mucli  as  seven  per  cent. 

The  experiments  described  in  this  pa])er  were  designed  t" 
make  a  similar  study,  using  haby  chicks,  and  determim'  the 
rate  of  hoTie  deposition  during  the  first  eight  weeks  of  life  under 
various  environmental  conditions. 

Two  sets   of   experiments   are   described    in    this    paper.      The 

first  experiment  was  started  in  March,  1927,  and  continued  for 
'  Published  by  permission  of  the  Director  of  the  Pennsylvania  Agri- 
<ultural  Experiment  Station  as  Technical  Paper  No.  455. 
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ei^^ht  weeks  with  the  view  of  ohtainin":  information  relative  to 
tl^e  rate  of  ossitieation  as  intlueneed  (1)  by  a  h'^-weakness 
pnMluciii^-  (rachit(.<iV!iie)  ration,  (2)  hy  sunli-'ht  transmitted 
\,y  -A  window  -l;is>  sul.sl  il  utc  i  :'.  )  l»y  direct  irradint  ion  witli  a 
,,",,;irt/  Jiirrcnry  Milun-  laiiij).  (4)  i)y  Xrwf..ntMnand  (mmI  livr 
oil.  The  second  cxpi'rinient  was  condnet»Ml  h-i1er  in  tlie  year, 
slarliii-'  on  Alay  :;i  and  Icrniinat  in--  on  duly  'l-^.  Durin-  ihi> 
jjcriod'stndies  were  inach'  with  tlie  view  of  (h'terniiidno-  tlie 
rate  of  bone  deveh)i)ment  as  intiiienced  by  (1)  a  normal  poultry 
ration,  (2)  by  snnli^iht  transmitted  throii«rh  a  window  <rlass 
substitute,  (3)  direet  irradiation  by  the  carbon  arc  lami),  and 
(4)  by  a  Xorwe«>ian  cod  liver  oil. 

J:XPEKI  MENTAL 

Four  hundred  day-old  White  Leghorn  chicks  were  used  in 
each  experiment,  eaidi  exi)erimental  group  containing  one  Inui- 
dred  chicks  at  the  beginning  of  the  investigation,  f^ach  grou]) 
was  placed  in  a  specially  designed  brooder  i)en  equipped  with 
an  electric  brooder  and  the  mash  troughs  were  eqinpped  with 
grids  to  ])revent  the  scattering  of  feed. 

The  windows  of  the  j)oultry  house  were  coated  with  Bon  Ami 
paste  to  diffuse  the  light  transmitted  by  the  wiiulow  glass  and 
certain  windows  were  covered  with  burlap  to  reduce  the  amount 
of  light.  The  experimental  groups  which  were  subjected  to 
transnntted  sunlight  were  i)laced  in  a  specially  constructed  sun 
])arlor  equipped  with  the  window  glass  substitute  to  be  studied. 
This  sun  i)arlor  was  attached  to  the  southeast  i)ortion  of  the 
])oultry  house.  The  gr()U])s  which  were  irradiated  directly  witii 
the  ultra-violet  lamps  were  so  placed  that  the  light  rays  could 
not  affect  the  other  pens. 

The  basal  (rachitogeinc )  ration  was  that  described  by  Hart 
ami  co-workers-  and  consisted  of  ninety-seven  j)arts  of  yellow 
corn  meal,  two  parts  of  calcium  carbonate  and  oiu'  part  of 
sodiiun  chloride.  The  Wisconsin  workers  and  others  who  have 
used  this  ration  have  fed  skim  milk  ad  libitum.  We  followed 
the  suggestion  of  Kennard''  and  mixed  ten  pounds  of  powdered 
skim  milk  to  one  hundred  pounds  of  the  basal  ration  mentioned 
above.  Sutificient  data  have  l)een  obtained  in  our  own  and  in 
other   laboratories   to  show   that   the   ratio   of   calcium   to   phos- 


phorus, in  the  feed,  is  of  great  importance  in  bone  formation. 
We  felt  that  th(>  inclusion  of  the  i)()W(lered  milk  in  the  ration 
should    eliminate    tluetuations    in    the    calcinni-phosphorns   ratio, 

^^\iU-\\   iiiij^ld    iiol   li<"  li'iie  if  iiidixidnal   birds  were  allowed  to  eat 

\ai'\iiiu'  aiiioiiiiN  of  sixiiii   iiiiik   willioiil    reference  1o  tiie  aiiionn! 

,,f  |,a->al    ration   in-esied.     To  eliinlnate   tlie   jx.s^ibility   of  spod- 

jjor   ;,im1    sii!)se(inenl    \!lainin    oxidation    in    siorauv,    the    .-xperi- 

ii,(.,,1;,l    rations    were    prepai'-'d    each    week.      All    Ini'ds    were    leg- 

haiKh'd    and    weekly    growth    and    feed-intake    records    were    col- 

leeted  throughout  the  exi)eriments. 

rp  ,,,.    ^.   .-i'  ,,u,..5  >.-;/J(>f  i;«.li+    ^voT'o  '.M'-nlMlilo   in   the  exnei'i- 

1   \N  U    .>»nil  V^  I'.S    KH      III  I  i  c4     >  lOiL  L     1  j^  ..  L      ..  K   i  V      ..   .  > -  --  I 

mental  i)()ultry  house — a  ({uartz  mercury  vapor  lamj)  (known 
as  tlie  Uviarc  Poultry  Treater)  and  the  other  a  blue  flame 
earbon  arc  lamp.  Tlie  former  was  oi)erated  at  a  distance  of 
thirty  inches  (from  lamp  to  floor  of  pen)  and  the  latter  was 
oi)erated  at  a  distance  of  forty  inches. 

Line-tests  and  bone-ash  determinations  were  made  on  the 
tibiae  at  the  end  of  each  week.  One  tibia  from  each  chick  was 
■eserved  for  the  line-test,  which  consisted  of  s})litting  the  hoDe 
and  placing  the  parts  in  a  ten  per  cent,  solution  of  formalin. 
These  were  washed  with  distilled  water  and  transferred  to  a 
one  and  one-half  jier  cent,  solution  of  silver  nitrate.  After  sub- 
jecting the  hones  to  this  solution  for  one  minute,  they  were 
washed,  exjmscd  to  light  (to  darken)  and  examined  under  the 
low  power  binocular  microscope  (  using  a  camera  lucida  attach- 
ment, when  drawings  were  to  be  made). 

All  ash  determinations  were  made  on  the  remaining  tibiae. 
Owing  to  the  natural  fluctuation  in  fatty  materials  in  bone,  it 
has  been  found  advisable  to  extract  all  bones  with  alcohol  and 
ether.  This  is  done  by  drying  the  bones  at  9r)-100^  C.  for  twenty 
hours.  whi(di  makes  them  i)orous  and  i)erm<'able  to  alcohol  and 
ether.  It  was  f(mnd  that  in  alcohol  extraction  (using  95  i)er 
cent,  alcohol),  in  a  Soxhlet  extractor  for  fourteen  hours,  fol- 
lowed bv  extraction  with  ether  for  a  similar  jx'riod,  was  sufficient 
to  remove  the  lipins  completely.  The  mineral  content  of  the 
alcohol-ether  residue  is  not  of  importance  in  this  work,  since 
we  are  attem])ting  to  account  for  that  jiortion  of  the  inorganic 
material  which  has  actually  formed  bony  tissue.  After  extrac- 
tion the  Ixmes  were  dried  to  constant  weight,  incinerated  in  an 
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(.k-etric  iiiuffle  I'lirnare  and  the  amount  of  ash  was  calculated 
to  per  cciiT.  on  llic  hasis  ol'  lii)in-frcc  and  watcr-t'rce  bone. 
AhlioH--li  individual  analyses  wei-e  made  on  each  elnek,  the 
ivsidls  ivported   rei»i-''sented  llie  avera-v  of  six  analxses. 

Tin   First  K.r/x  rinn  iif,  Mnn'h   1  .'>  h>  Mail  !>,  1!>-J^ 
},\n\r    hundivd    day-old    l.ahy    eideks    were    placed    on    e\i)rri- 
ment    March    IT),    li^-iT.      They    were   divided    inlo    llie    tolh.winu' 
exi)erimeidal  «iToups,  eaeii  eonsislin^-  of  one  hundred  chicks: 
(h-oup   I.     Bcsul    (nwhiioijenic    or    leg-wcalnKss    producing) 

raiion. 

Group  :J.     Ccl-o-gliiss  group.     Basal  ration  supplemented  with 

sunlight  transnutted  by  (^d-o-«i'lass. 

(h-oup  :>.  Irradiated  group.  Basal  ration  supplemented  by 
ultra-violet  lijzht  from  the  Uviarc  Poultry  Treater  for  fifteen 
ndnutes  daily,  at  a  distance  of  thirty  inches.  Birds  and  feed 
were  irradiated  simultaneously. 

Group  1.     Cod  Liver  Od  Group.     Basal  ration  supi)lemented 


■f  3bJ*J7Btt<.,7  +  1'/,  Cod  L^'er  O.  •^'  ^^^^ 


Fic.rRE  I. 
Typical  birds  of  each  group  in  the  first  experiment.     Photographed 
at  six  weeks  of  age. 
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at  the  rate  of  two  pounds  of  Xewfoundland  cod  liver     oil   per 
on<'  hundred  ))oun<ls  ol'  ration. 

\\    the  end   of  each    week   six   (diicks,    i)icked    at    random    from 

iMcl     by     decapitation     and     the    1io!H">    were 


iSIc! 


tell ,      W  ei'e 


I,-  i  I 


rctiioN  ed  and  t  i-e;iled  a-  desi-i-ibed  abo\e. 

Tin    S(cnii(i  l\  '11,  rlnn  III ,   Maij  ■'! !   In  Julil    :'■'>,    !!>'-'' 
'Pli,.  s;iiiie  nnnibrr  ol'  bii-iN  wnr  n^ed   m  thi->  expci-nneul   as  in 
ill,,   oil,,    just    desci-ibed.      h'our    i:roni)s   ol'   one    Innulred    chicks 
e;ich  were  divided  accordin*:'  to  the  following'  treatments: 

(iroup  1.  Tgpical  Vouitrg  h'afiou.  This  ratioii  is  known  as 
the  IN'nnsylvania  State  Collejz-e  (  HriT  )  Aii-:\Ias}i  Ration  and, 
as  mad<'  u])  in  the  i)()ultry  i)lant,  consisted  of  400  i)ounds  of 
corn  meal.  H).")  i)oun(ls  of  bran,  ir)0  pounds  of  middlin^rs,  100 
j)0unds  of  dried  buttermilk,  TU)  pounds  of  fish  meal,  20  pounds 
of  bone  meal,  100  1)ouih1s  of  alfalfa  leaf  meal,  5  ])oun(ls  of 
limcstoiu'.  T)  j)oniHls  of  cod  liver  oil  and  .")  j)ounds  of  salt. 

Group  :I  Vitaglass  Group.  Basal  (le«i--weakness-producin<r) 
ration  supplemented  with  suidi«rht  transmitted  throu*rh 
Vitaglass. 

Group  :>.  hradiaiid  Group.  Basal  ration  supplemented  for 
IT)  miinites  daily  by  ultra-violet  li«rht  fnmi  a  blue-Hame  carbon 
ai-c  lamj)  (with  iron-coi'<'d  electrodes)  at  a  distance  of  forty 
inches  from  the  burner.  Birds  and  feed  were  irradiate<l 
sinndtaneously. 

Group  j.  God  Lirrr  Oil  Group,  l^asal  ration  sui)plemented 
at  the  rate  of  two  ])ounds  of  Xorwe<j:ian  cod  liver  oil  })er  one 
hundred  pounds  of  ration. 

I)i.sru.'<si(ni  of  tlir  Fir><f  E.vprriment 
In  ()rd(M-  to  consci-ve  s|)ace  and  arran^'c  the  data  so  that  the 
residts  obtained  may  be  more  easily  visualized,  they  have  been 
arrauired  in  the  form  of  charts  rather  than  in  tabular  form. 
Chart  1  summarizes  the  «rrowth,  fo(xl  intake  and  bone-ash 
records  for  tlu'  first  experiment,  while  Chart  II  summarizes  tlu' 
data  obtained  in  the  second   investij^ation. 

While  the  charts  are  self-<'xplanatory,  it  may  be  pointed  out 
that  the  irrowth  curves  show  that  (Jroup  1  (Basal),  (Tiart  I, 
did  not  ^M-ow  as  well  from  the  fourth  to  the  ei*rhth  week  as  the 
other  j?r()ui)s.     Furthermore,  Group  L*  (Cel-o-glass)  and  Group  3 
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Chart  I. 

i.  'CeZ-o-^/ass 
3   •  u>y<.ar-c' 


4    CcdLuerOdNf;- o ■- 


^^  3,  CoriioM  Arc 


4,'CcJ'/."-<"^0(/,,V,. 


u.ee 


.,  i    ■    .1    '    i    '    i- 


Chakt  I. 
Showing  variations  in  body  weight,  food  intake  and  bone  ash  (March 

15  to  May  9,  1927). 

Chart  II. 

Showing  variations  in  body  weight,  food  intake  and  ])one  ash   (May 
31  to  July  25,  1927). 
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ll,,.    tn.Ml     iiil;ik<^    circNc-    ;iiT;iii-T    t  Ii.'Imm'!  \  <-    I 

i.    ,■..    thill    Iht'    li'^lit- 


() 


(rviarc)  jzrexv  nt  the  same  rate,  wliieli  was  somewhat  superior 
to  tliat  or(;roni>  4,  wliieli  reeeiv(Ml  eod  liver  oil.  The  curves 
i,„|-H.j,ti.i-   lhe    av.M-a-e    food    intake    per    bird    i.er    week    do    not 

.iHVer    ni;M.Ti;ii!y    .inlil    ih."    nii.ldh-    ol'   Hm"    ."xp.'rinientnl    piMMod 

w  hen 

.;i,ne   (uVirr   ;i-    lh<>M-    rcj-rrM>ii1  in-'   -row 

,,,,;it(Ml   or.Mip^  -ih'  s,m!ewh;i1    nmre    tnnd    ihan    ih.-   .me    ive-'ivn- 

,.,,,1    liver  Oil   and   lhe   has;.l    -roup   <-<.nMini.Ml    h'ss    tn..,!    prr   hird 

jMM-  week  than   any  oi'  the  other  -•roni)s  on   exi)eriment. 

Leo--weakness     (  Fi-:.     1)     was    e(»niined     to     (iroup     1,     whieh 

I'eeeiX'ed    Uie    i^ejz-w  eai\ii<->>    i  ivMnn..ip,    xv».. i  ■■        .       , 

were  most  pronouneed  durin-  the  fifth  week  of  the  experiment, 
:md  by  the  sixth  week  ninety-five  per  eent.  of  the  birds  were 
afflieted  with  the  disease. 

Examination  of  the  eni'ves  r(M)resentin<:'  the  weekly  avera<»'es 
f  tiie  bone-ash  deternunations,  sliows  that  all  of  the  birds 
started  llie  exjx'riment  with  about  :i(;.:^  l)('r  ec^it.  of  bone  asli  in 
their  til)iae.  Px'fore  the  experiment  had  pro«rressed  far,  how- 
ever, differenees  eould  be  noted  in  the  etfieieney  of  ossification 
;is  represented  by  the  avera«i-e  of  the  bone-ash  deternunations. 

Line-1es1s  ai)peared  to  be  most  si«inifieant  at  or  about  the  fifth 
week  of  the  exi)erimental  period,  so  far  as  the  bones  of  the  ehieks 
in  (Iroup  1  were  eoiu'enuMl.  in  the  other  ^/vonps  the  diaphyses 
ai)peaiT(l  to  hv  uniform  in  structure  and  the  condition  of  th<' 
osteoid  tissue  was  re^'ular  and  dense. 

The  ])one-ash  curves  show  that  defiinte  ditrerouces  exist  so  far 
as  (puuitity  of  mineral   matter,  dei)()sited   per  bird   per  week,   is 
concerned.     (Jronp  '2  ( ( "el-o-o-lass  )  showed  superior  boiu'  del)<)sit- 
in«r  ability   from   the  start   of  the  exi)eriment,   reachin<r  a   maxi- 
mum of  4(i.'J  per  cent,  of  bone-ash  at  the  sixth  week.     Cod  liver 
oil    ((}rou|)  4)   ranked  next   to  ( N'1-o-o-Imss  in  efficiency  and   irra- 
diation by  the  I'viarc  lamp  was  somewhat   less  efficient  titan  the 
eod    liver   oil    durinjr   the    early    sta«res   of   tin'   exi)eriment.      1^ 
the  seventh   week,   liowever,   (Jroti})s   IJ   atid    4   were    practically 
identical,  so  far  as  the  ash  content  of  the  til)iae  was  eoncerned. 

DISCISSION    OF     IIIK   SKCOND    KXI'KWl  .M  KNT 

The  ^rrowth  curves  in  Chart  II  reveal  little  of  importance 
other  than  that  (Jrou])  1,  receivin«r  the  ('olle«re  All-Mash  Kation, 
irrew  at  a  rapid  rate  as  eomi>ared  with  the  other  <rrmips.     This, 
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however,  is  to  l)e  expected,  sinee  the  Basal  Ration  is  eoiiii)()se(l  al- 
most entirely  of  eoiMi  and  in  no  sense  ean  he  considered  a  «i-ood 
liTowinu-  ration.  It  should  l)e  noted,  also,  that  the  ehieks  iii  the 
s.-.-(,ii(l  expei-iiiiciit  ;i\.'ra<:'ed  somewhal  less  in  hodx'  wviulit  at  ihe 
lime  of  haleliinii'  llian  lhos<"  used  in  the  j>re\ions  i  n\  est  ii:'at  ion. 

(• pMi-ison   of   the   ui-onps   reeeivinii'    the    snpph'meiited    15;is;i! 

]|;ilioM  sliows  nothinu-  of  importance.  All  uroup^  ^-rew  at  ahoul 
the  same  rate,  rej^'ardless  of  the  nature  of  the  supphMuentary 
treatment.  If  any  superiority  can  he  detected,  so  far  as  <i-ro\\th 
is  concerned,  it  would  appear  to  he  in  favor  of  the  li«i'lit  treated 
«i-roups,  the  cod  livei"  od  hein^r  the  least  elticienr.  ilowevei-,  i)y 
the  end  of  the  ei<''ht  week  period  no  ditt'erenees  can  l)e  noted. 
What  has  heen  said  of  tlie  ^rrowth  responses,  in  the  second  e.\- 
})eriment,  also  ai)plies  when  food  intake  is  considered,  the  two 
sets  of  curves  arran«^in<j:  themselves  in  ahout  the  same  order. 

When  we  study  the  hone-ash  curves  we  find  a  similar  situa- 
tion. In  <reiieral,  the  tendency  to  deposit  calcium  and  j^hos- 
jdiorous  was  *rreatest  in  the  ^n-oup  which  received  the  i)est  ra- 
tion, from  the  standpoint  of  chemical  composition,  i.  e.,  the 
Peiin  State  All-:\rash  Ration.  Xo  outstandin<r  diftVrences  can 
he  noted  when  the  vita«rlass,  carhon  arc  and  cod  liver  oil  treat- 
nuMits  are  compared.  Xo  lejr-weakness  existed  in  any  «rroup  \u 
this  exi)eriment. 

(iKXERAL    DlSCrSSIOX 

The  reader's  attention  should  he  called  to  the  fact  that,  in 
all  of  the  experiments  where  lifrht  was  used  as  the  sui)i)lement, 
no  attem])t  was  made  to  differentiate  hetween  the  physioloj^ical 
effect  of  liprht  on  the  hirds  and  the  activation  of  the  feed  hy 
ultra-violet  li«rht.  Our  ohject  in  this  was  to  ai)proximate  i)rac- 
tical  feedinfj  conditions  as  closely  as  possihle  so  fai-  as  artiticial 
li«rht  and  transmitted  sunli«rht  are  concerned. 

Chart  III  summarizes  the  hours  of  sunshine  |)er  week  throujjrh- 
ont  each  experiment.  The  hirds  in  the  last  experiment  (Ma\ 
to  .Inly)  received  247.5  hours  of  sunshine  as  compai'ed  with 
1{>:5.()  hours  for  the  first  experiment  (March  to  May).  In  spite 
of  th<'  fact  that  the  hirds  in  the  later  experinumts  received  an  ex- 
cess of  r):5.9  hours  of  sunshine,  no  sujx'riority  in  hone  deposi 
tion  can  he  noted.  Accordin<i-  to  the  Bureau  of  Stamlards'-  new 
vita^dass  transmits  ahout  .■)()  |)er  ceid  of  the  ultra-violet  li«rht 
while  new  ('e!-o-«rlass  transmits  ahout  20  per  cent. 
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It  will  he  noted  that  the  hirds  hatched  early  in  the  season 
(March)  wei-he.l  more  (29  to  :U)  -rams)  at  4S  hours  of  a-e 
n.nn  those  hatched  in  May.  The  hody  weio-hts  of  the  latter 
,,,,.,.,1  r,om  2(;  to  2!)  -raiiis.  linekner'.  Hart  and  c.-workers ', 
Wood"  and  Kiis.ell  and  .\la.s,M.-ah-^  have  .liown  that  the  avera-.- 
u,M-ht   of  hahy  .'liiek.  of  the  same  hreed  and  auv  is  ahoul   :'>•)- 1-' 

,.1;,nrr   of   s1rai!i.    a-e    (d'    ])arent    slock.    M^a-mal    in 


1  he    inipoi- 
liuem-es,    such    as    temperature 
eoo-s   us(mI    for   hatchinjz",   etc., 
ai"e  oi    Ma*    i4iiii»'>>    1111  pv'.  i--  — 
and  should  he  studied.     It  re- 
mains  for  the   poultry   inves- 
ti^^ator  to  try   to  standardize 
his  experimental  hirds  just  as 
the  i-at  hree(h'rs  have  striven 
t(»      pi-oduce      uinform      and 
standai-dized  rats. 

(Joodale"  states  that  sea- 
somil  etVects  on  ••rowth  can  he 
noted  hy  stndyinji  suhse(pient 
hatches  thronjz'hont '  the  sea- 
season,  lie  contends  that 
^n-owth  response  seems  to  he 
<rreatest  in  the  early  hatches 
and  seems  to  diminish  as  the 
liatchin«r  season  advances. 

The      ^-riNTter     amount      of 
hoiu'-ash   in   the  hones  of   the 


and    hnjlit    itdensity.    storaiie    ol 

Sun:>/iine  Hours,  ^oeeklj 

A/arch  1^  -  Ma  </  V,  z"?^"/ 

^_  Way  31,'JuiL^  -KF,  ini^ ' 


^ 


r. 


t 
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Chart  of  weekly  sunshine 
tiours  as  obtained  from  Weather 
Bureau  Reports  at  State  Col- 
lege.  Pa. 


4S.lu,u.-  clm-ks  in  May,  ;,s  ..cnpaml  uitl.  thoso  liafclu.,!  n.  Mmvli, 
„„„1,1  |,.ml  us  t„  iMf,T  X\rM  \W  pan.uts  woro  able  t..  transnut  a 
■nvatrr  a.M.H.nt  .l'  ih.  a.Ui-ra.l.iti.  fact,,,-  U,  ll.c  .W  m  .May  than 
;„Ml,l  hav,.  l,o,-M  imssiM..  in  Mairl,,  ,luo  in  all  p.-chal.il.ty  to  l).t- 
t,.,-  li-Mt  .■.m,lili.>Ms.    Tills  inn.nMU-,.  i-c-civcs  suppo.-t  m,  the  w„rk 

of  Hart  a,„l  .•o-worU.Ts'  '  ■,  a,ul  of  llMjrl...s  and  .-o-vvorkors  who 

f„„n.l  that  tlH.  in-a<llatioM  of  layinjr  linis  l,a,l  a  ilrtimto  crt-'.-t  on 

the  liati-lialiilitv  of  the  f<.'trs. 

M,.CollMn,    an.l    ,-<,-work,.rs'".   Cavios"    aiul    Di.t.lHT   a,.,l    .-o- 

Nvo.-k.Ts'  hav,.  shoxvM  that   fasti,,-  off,,  l„-i"f-'s  al,o„t  a,,  increase 
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ill  iiior-anic  1)I(H)(1  phosphorus  wlicu  tlic  annual  has  boon  sub- 
sistiii<r  on  a  rachito'-Tnic  ration.  Tiiis  view  is  fnrthcr  snbstanti- 
;,t,Ml  by  the  (b'porlincnt  of  llic  chicks  in  (Ji-oiip  1,  (Miai-t  1.  Ap- 
pctilrs  w.Tc  o(.(h1  ;in.l  !n(Ml  intake^  inci-cis.'d  until  the  sixth 
urck  (.r  the  cxpci-iiiicnt  and  durin--  llic  Inllowin-  Iwo  \v<m-I;s  tli.- 
I'n.Ml  intake  per  l)ird  |M'r  week  decivase.!  vei'v  a  ppr-cia ! -1  \  .  It 
\n;i.  at  this  pnint  that  tiir  syinptcnis  cf  h'-  weakness  were  umst 
marked.  Il  is  iiinsl  inleresi  inii  lo  note  nature's  atlenipl  to  pre- 
vent the  fnrtlier  (h'vidopnient  of  the  disease  ])y  brin<i-in^-  about 
tlie  loss  of  api)('tit('  at  the  i)oint  wIkut  the  disease  is  most  serious. 
At  this  i)oint  the  tibiae  increased  Iroin  2.s  To  X]  ix'r  eeni  oi'  i)o!ie- 
ash  in  two  weeks. 

SrMM.\KY 

Kx]KU'iiiieiits  are  described  in  whieh  the  ])one-ash  of  White 
Le<rhorn  ehieks  has  been  determined  for  the  first  ei<:-ht  weeks 
of  life  under  various  conditions  of  fee(lin<i'  and  li<rht  treatment 
with  the  view  of  eolleetin«r  data  whieh  may  be  used  in  futur" 
studies  relative  to  the  (piantitative  determination  of  the  ossify- 
in<r  ])oteney  of  ant i-rachit ie  substances  and  the  followin^r  ob- 
servations may  be  made. 

1.  That  the  fluctuations  in  bone-ash  in  the  tibiae  of  «i-rowiiitr 
chicks  ai-e  (piite  similar  to  those  we  have  obtained  in  similar 
studies  on  the  rat. 

2.  That  the  data  obtained  should  enable  us  to  re|)eat  this  type 
(»f  experiment,  usin«r  «xraduated  amounts  of  rachitic  foods  and 
•rradnated  amounts  of  li^dit  until  we  find  that  amount  of  foo<l  or 
li<ilit  which  will  ])r<'vent  the  develo])ment  of  le^^-weakness  and 
maintain  the  bone-ash  (for  five  to  six  weeks)  at  the  level  pos- 
sessed by  the  newly  hatched  ex})erim<Mital  birds  at  the  beji-innini: 
of  tli<'  ex])eriment. 

:\.  The  i)ropose(l  ai)i)lication  of  the  data  olitaiuod  in  this  study 
should  enable  us  to  make  (piantitative  com|)arisoiis  of  poultry 
feeds  and  various  sources  of  ultra-violet  li^dit,  as  well  as  to 
studv  those  environmental  conditions  which  affect  the  transmis- 

« 

sion  of  calcifyin<r  factors  to  the  e{jr<r. 

4.  While  tlie  ex])eriments  described  in  this  ])aper  were  not 
])lanned  with  the  view  of  obtainin«r  detailed  (piantitative  infor- 
mation at  this  time,  the  results  indicate  that  irradiation  (for  1') 
minutes  daily)  with  the  (piartz  mercury  vapor  lamp  and  with 
the  blue-tiame  carbon  arc  lamp  and  by  means  of  sunlight  trans- 


e 


„,itto,l   tl,.-o,.!rl,    Vitasrlass   a,ul   Col-o-frlass   produ..,.  1    ns   1       n 
!  outl,  response  an,l  skeletal  develop.nent  eo.nparal.le  wth  tho,e 
:,l,,.,ine,l  with  Newf.nuullan.l  an,!  Soy^.iO.u  eo<l  Uver  o,ls 

W      lis  now  n,   prn.,-ess  will,  the  view  nf  nsn„  the  data  ob- 

„H;n.h.s,.ep„',.,    , .,<e  a    „uan,„a,iv,.  .u.lv   oMhe  , 

.|„,,„.i,, „.,".le„e,vots„me  of  nureonnunn   poultry   tee.i>, 

\('KN<nVl.Kn<iKMK.\TS 

,,,„    writers   aeknouh-d.e    their    in.lehte.lnes.    to    Mr     Fanl    S. 
Mar..,H-    I'onltrv  Superintendent,  for   his  interest   an,    eoopot a- 

:;;:;:  'this  inv;.sti.ati,n,;  to  the  I''-''.-'-"-'' V!  rPonlT; 
,,   .    ,         x-  ...   I ,.,.    f„>-  till'  nsi'  of  the  iMaic  loniTi\ 

nanv,    llonolUMl,   .^ev^    .i,..^<. Ilni-e'is 

Tr,.;ter-  to  the  National  Carbon  Company  and  Dr.  M.  J.  Do  cas 
,n'  n      of  the  bh.e-Hanu.  earbon  are  lamp;  and  to  the  X  >ta- 

Xsl Conloration,  N-.v  VorU  City,  for  th,.  Vita.lass  nsed  n.  the 
second  series  of  experiments. 
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VITAMIN   B  TERMINOLOGY 

In  Science  of  August  31,  1928  (Vol.  08,  No.  1757, 
page's  206-209)  was  published  a  summary  of  the 
various  proposed  systems  of  vitamin  15  terminology 
then  under  consideration  by  the  committee  on  vitamin 
B  nomenclature  of  the  American  Society  of  Biological 

Chemists. 

ine     variuUs     plupooeu     ojoi^uao     <jj-      .,u^.j-__-i^-v^oj  ^^\    umi  nm  tt;iiii       vji       ue   uacu   to   \_n^xioi-o   i^i^v-  ^x^v^-c 


After  considerable  eorr(>spondenc<^  the  committee 
have  voted  to  make  the  following  recommendations: 

( 1 )  That  the  term  ' '  l^ios, ' '  as  suggested  by  the  British 
workers,  be  retained  to  dt'iiote  the  factor  or  factors  en- 
couraging the  rapid  growth  of  yeast  cells. 

(2)  That  the  term  ^'B"  be  restricted  to  designate  the 
more  heatdabile  (antineuritic)   factor. 


eventually  narrowed  down  to  three,  which  seemed  in 
the  minds  of  the  committee  to  be  most  likely  to 
satisfy  the  majority  of  workers  in  the  field  of  vitamin 
research. 

Summarized  briefly,  the  three  systems  of  terminol- 
ogy were  as  follows : 

(1)  The  British  suggestions.  The  British  investigators 
recommended,  as  a  temporary  expedient,  that  the  letter 
"B"  be  used  to  designate  the  complex,  ''B,"  to  identify 
the  heat-labile  factor,  and  ''B^"  to  refer  to  the  heat- 
stable  factor  or  factors. 

(2)  The  Sherman  suggestions.  Dr.  Sherman  suggested 
that  the  term  ' '  B  "  be  used  to  refer  to  the  complex  with 
the  hope  that  it  would  eventually  receive  ' '  honorable  re- 
tirement" and  that  the  letters  'T"  and  ''G"  be  used 
in  a  permanent  system  of  nomenclature,  in  place  of  "  B,  " 
and  "B,,"  respectively,  which  had  been  adopted  as  tem- 
porary terms  by  British  workers. 

(3)  The  McCollum  suggestions.  Dr.  McCollum,  for 
reasons  enumerated  in  the  former  committee  report,  sug- 
gested that  the  term  ' '  B  "  t>e  retained  but  restricted  to 
refer  to  the  heat-labile  factor,  and  that  Sherman's  "G" 
be  used  to  designate  the  more  heat-stable  factor. 


heat-stable,  water-soluble,  dietary  factor,  called  the  P-P 
(pellagra-preventive)  factor  by  Qoldberger  and  asso- 
ciates, and  which  also  has  to  do  with  maintenance  and 
growth. 

(4)  That  the  naming  of  newly  discovered  dietary 
factors,  by  other  than  descriptive  terms,  should  be  dis- 
couraged   until     their    identity    is    established    beyond 

question. 

(5)  That  a  committee  on  vitamin  nomenclature  be  ap- 
pointed by  the  American  Society  of  Biological  Chemists 
and  that  this  committee,  in  cooperation  with  the  British 
committee  and  similar  committees  on  the  continent,  en- 
deavor to  act  as  a  clearing-house  for  questions  in  vitamin 
terminology,  and  that  this  committee  be  empowered  to 
name  new  factors  when  their  identity  is  established. 

Athekton  SEmELL, 
H.  C.  Sherman, 
P.  A.  Lev  EN  E, 

llAKRY    StEENBOCK, 

E.  V.  McCollum   (rx  offioio), 
R.  Adams  Dutchek  (chairman), 
Committee  on  Vitamin  B  Nomenclature, 
American  Society  of  Biological  Chemists 
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A.   INTRODUCTORY 

The  subject  matter  of  this  paper  deals  with  a  field  of  research  that,  although 

of  the  greatest  importance,  is  still  in  a  state  of  flux     Notw.thstandmg  the 

exi  tence  of  a  voluminous  literature  on  the  permeability  to  and  absorption  of 

ubstrnces  by  living  animal  and  plant  cells,  there  is  little  exact  knowledge. 

A„d?o  the  comp  Jof  factors  now  to  be  considered  that  of  colloidal  behavior 

TllSdaltttions  have  been  artUrarily  defined  on  the  basis  of  the  si^  of 
the  dispersed  particles  (I.m  to  10(^200.m).  There  is.  however.  -  mf alhWe 
test  for  colloidality.  Even  the  ultra  microscope  and  cataphores.s  tests  may 
und™;  conditions  and  with  some  colloids  (82).  Dialysis  expenments 
moreover,  may  not  always  be  specific,  for  artificial  semi-permeable  coltodion) 
:  mbran'es  hL  been  prepared  that  are  permeable  ^--^^^y^^^^-^^ 
NaCl),  but  not  to  another  (e.g.,  NaNO,)  (7.  8);  to  starch  and  dextrin,  bu  not 
to  niglit  blue  and  other  colloidal  dyes;  to  colloids  but  not  to  crystalloids 
(45, 46). 

J.  Theories  of  permeability 

It  is  not  definitely  known  what  makes  a  membrane  '^f-P^'^^^^^^'-J'T 
cording  to  Kahlenberg  (45)  an  absolutely  sem.-permeable  membrane  ex  sts 
only  in  theory.  From  their  comprehensive  studies  on  the  conditions  govern  ng 
the  permeability  of  certain  physiological  membranes  for  various  ekaroytes 
Michaelis  and  Weech  (59)  conclude  that  it  is  fallacious  to  speak  oi^definUe 
termeability  of  any  type  of  membrane  for  electrolytes,  since  in  their  experiment 
L  behavior  towards  the  passage  of  electrolytes  was  found  to  depend  on  a 
variety  of  conditions.  Thus,  these  investigators  showed  that  by  changing  the 
character  and  magnitude  of  the  force  driving  the  ions  across  the  membranes 

.  Publication  authorized  by  the  Director  of  the  Pennsylvania  Agricultural  E^eriment 
Station  as  scientific  paper  No.  462. 
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A'       .     ,h.  h\^inrv  of  previous  treatment  of  the  membrane,  the 
ieTafaafr  of  h   so-Ssp'cifK  permeability  for  ions  of  the  memb.ane 

position  or  pore  si.e  ^P^^  ^^'::>^^^^^„  "f^  ,fS  a  "physical"  per.ea- 
membranes  possess  both  ^  J  J^^'^j^^  .^^^  „,embranes  by  the  different 

T'  '''r^:^ti:^^X^^-  -'^^-  -'"'- '--  -''  ''''-'■ 

tj^rtt  Xi^Uy  aiff«ent  .iO.  each  group.  The  oUler  .ICn.t.o.s, 
before,  of  -^^i'-^-'-'-^'^T;;:,!;-:  J^ .n:   hf  .stence  of  so.e 

sort  of  a  '^'="'"^^"^'  /  J-,  conceptions  of  the  factors  .letcrminmg  the 
The  „,ore  ^^^;^;;;^^^^^l:^Z■^"l2^s  are  Overton's  "lipoid"  theory  (6«) 
penetration  of  substances  into  uv    8  'Vmnlsion"  (13);  but  it 

and  Clowes-  ^^Z^l^'^ji^^^^^^^  '^^^^  =^"  ''^  ^^^"- 
has  been  urged  (41)  that  no  one  i        y         i  penetration  of  water- 

liarities  of  cell  permeabihty  «"*  a^' J"/  ^™''  j  p„i^.,o,uble.  Moreover, 
-"^'rTZrS^^^i^^  fictional  changes  in 

dye  in  the  presence  of  plant  cells  (39). 


2. 


What  constitutes  true  colloidal  behavior? 


One  of  the  main  difficulties  to  be  faced  in  an  evaluation  of  the  factors  deter- 

agreement  on  oroteins  show  colloidal  behavior  only  when  the 

that  ampholytes  hke  ^l^e  Proteins  s  membranes  or  gels 

protein  ions  are  prevented  from  dittusing  mroug  distinction 

Lt  are  readily  permeable  ^^;-^^^'^^\t':^Zm^^^^^^    ^    ^rence, 
between  crystalloids  and  colloids,  as  Graham  {l^}  conceivt, 
is  no   tenable.    If  all  ampholytes  behave  Uke  proteins  (-  doub  less  th^^^^^^^^^^^ 
then,  according  to  Loeb's  view,  they  are  t-  co  o'ds  on,y  a^^   ^s  of    1" 
point,  i.e.,  when  they  exist  as  non-iogenic  substances.      Ihe    ons 
then,  that  show  true  colloidal  behavior  are  the  same  as  the  ^^J^^^  °  '^<=^^'° 
that  originate  through  the  electrolytic  dissociation  of  neutral  -"°'''='^>'f  ";^^ 
1     as  it  would  appear,  colloidal  behavior  is  a  surface  Pl'«-'"«"°"' ^^^^ 
clearest  conception  oUhe  behavior  of  colloids  is  obtained  as  W.Ison  sug  es^ 
(96)  by  regarding  the  particles  as  having  more  of  their  valences  ^i'^^^t^d  fr°m 
Ae  molcule  and.  therefore,  unsatisfied  (i.e.,  residual  valency).    The    on 
quence  of  the  ex  stence  of  such  free  valences  will  be  to  cause   substances 


approaching  their  surfaces  to  combine  and  give  up  their  charge  to  the  colloid. 
The  colloid  may  also  acquire  its  charge  by  ionizing  itself  (22). 

As  Oakley  (65)  well  expresses  it,  the  colloidal  condition  may  well  be  con- 
reived  as  a  compromise  due  to  the  differences  in  the  affinity  of  the  un-iomzed 
andtnTzed  groups  for  water,  the  boundary  of  the  ionized  ions  being  condi- 
id  by  the  baLce  existing  between  the  osmotic  and  electrometric  forces^ 
The  membrane  defined  by  the  limits  of  this  boundary  w,U  be  governed  by  th 
S„T-l)onnan  c,,uilibnum,  .he  non-diffusible  ions  being  the  anions  orca      n 
,ha     ire  partners  to  the  coUoiilal  cations  or  anions,  resuhnig  in  a  ,.ote   t  al 
,t  ncc    P.  1).)  between  the  surface  layers  and  the  hulk  of  solution.        h,s 
r        "found  by  equaling  ihe  elect, ical  work  done  by  nu.vng  one  equ.valent 
of  ions  across  the  memlirane  to  the  work  .lone  against  osmotic  pressure,  i.e., 
^-  ^^'-  log  y/x,  where  y/x  are  the  concentrations  of  the  negative  ions  on  the 


to 
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two  sides  of  the  membrane. 

3.  On  dialysis  experiments 
But  all  of  these,  conceptions,  of  colloidal  behavior  fail  to  explain  much  that 
is  pertin  nt  to  ou    problem.     For  example,  does  dialysis  increase  or  decrease 
L'       b  lity  of  sols?      Hardy  (35)  maintains  that  dialysis  as  a  means  of 
Slat  ng  unstable  or  insoluble  hydrous  colloidal  matter  is  open  to  criticism  on 
h  Tound      hat  it  progressively  removes  adsorbed  stabilizing  (peptizing) 
ons  thus  destroying  equilibrium  conditions.     The  experiments  of  Fhomas  and 
Frieden   83)  furnish  an  excellent  example  of  this.     There  is  a  wide  gap  in  our 
know  edge  as  to  the  causes  operative  in  producing  stability  of  sols  and    here 
fore  of  their  exact  composition.  Take  ferric  hydrosol  as  an  exaniple        homas 
and  Fi  den  (83)  claim  that  the  ferric  oxide  sol  is  represente.l  by  the  formu  a 
xFe.03  yFeCl3,  and  that  it  exists  in  solution  as  the  complex  ions  xI.Oa-Fe 
and  C  -     But   dditicnal  corroborative  evidence  is  lacking  to  supPort  this  view 
n  ee  ,-Sorum-s  investigations   (78)  established  beyond  --^  /ou    Jha 

,      .   •  *    4^  f,.^  r\-  n'^w  pvkt      from  Beans  and  i^asiiacK.  s 

stable  hydrosols  giving  no  test  for  Cl    can  exist      rrom  ^  ,^  ^_ -^^.s 

work  (3)  it  might  be  deduce.l  that  the  feme  oxide  sol  m  borum  s  experiments 
111  iiLcl^/the  small  amount  of  Fe  in  solution  (^^  *<=  "-'-l^tdroge" 
the  extent  of  1  p.p.m.),  or,  possibly,  it  might  be  stabihzed  by  the  hydrogen 
ion  from  the  ionization  of  the  water  on  its  surface.  i,n„wle<ke 

From  the  foregoing  it  will  be  realized  how  fragmentary  .s  our  kno^^ledge 
of  I;;:Tacts  of  permeability  and  how  impossible  it  is  in  the  present  state  of  our 
knowledge  to  formulate  any  immutable  laws  of  membrane  act.om  Ih 
condition,  however,  may  not  prevent  us  from  critically  --"""^  '"  J'^^^^,' 
the  available  experimental  evidence  bearing  on  our  problem  to  weigh  the 
facts  and  to  interpret  them  according  to  the  scientific  method.  Ih.s  we 
shall  proceed  to  do. 
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B.   EXPEWMENTS   WITH  ARTIFICIAt  MEMBRANES,   ISOLATED   CELLS   OR  TISSUES 

AND  ABNORMAL  PLANTS 

1.  Artificial  membranes 

a  Gurchot^s  theory  of  colloidal  penetration.  The  suggestive  researches  of 
Gurchot  (31),  indicating  the  mechanism  of  the  reversible  permeabihty  of 
copper  ferrocvanide  membranes,  have  given  additional  information  on  the 
possible  mechanism  of  penetrability.  His  copper  ferrocyanide  menibranes 
Le  all  evidences  of  behaving  as  a  dynamic  system.  He  concludes  that  the 
whole  question  of  the  action  of  his  membranes  involves  adsorption  coagulation 
and  peptization.  That  some  form  of  adsorption,  or,  perhaps,  solution  of  the 
septum  takes  place  is  now  widely  accepted.  This  is  the  basis  of  Overton's 
theory  (67)  and  is  very  strikingly  demonstrated  in  Kahlenberg  s  experiments 
(45,  46)  with  rubber  damask  and  lanoline  silk  membranes  and  m  Overton  s 
own  experiments  (67)  on  animal  and  plant  cells.  ^    r.     ^  x.     -        t 

It  is  possible  that  a  satisfactory  working  hypothesis  of  the  behavior  of 
artificial  membranes  may  be  worked  out  in  the  future  on  the  basis  of  reduction 
or  neutralization  of  the  charge  upon  their  colloidal  surfaces.    Penetration  of 
the  membrane  by  colloids  would,  if  such  a  theory  is  substantiated,  be  due  to 
membrane  coagulation  due  to  selective  adsorption  as  a  result  of  differences 
in  potential  set  up  at  the  interface  between  the  solid  and  liquid  phases  in 
accordance  with  the  Gibbs-Donnan  law.     It  would  serve  to  explain  why 
substances  pass  through  a  membrane  at  certain  times  that  do  not  do  so  nor- 
mally    Gurchot's  theory  of  membrane  action  does  not  imply  that  penetration 
is  always  accomplished  by  means  of  selective  adsorption  and  coagulation. 
On  the  contrary,  as  he  points  out,  under  some  conditions  a  membrane  may  act 
like  a  sieve  for  salts  in  dilute  solution,  because  in  this  case  they  will,  if  the 
solutions  are  dilute  enough,  go  through  the  membrane  without  coagulating  it. 
This  is  entrance  by  osmosis.     But  when  the  concentration  is  raised  the  charge 
of  the  membrane  will,  if  the  cation  is  absorbed  more  than  the  anion,  be  neutral- 
ized and  coagulation  will,  therefore,  follow,  in  which  case  the  salts  or  ions 
pass  through  by  diffusion  as  through  a  dialyzing  membrane.    Indeed,  Weech 
and  Michaelis  (92)  are  disposed  to  account  for  the  difference  in  the  diffusion 
rates  of  the  non-electrolytes  examined  by  them  to  the  varying  sizes  of  the 
pore  channels  of  the  membranes. 

From  Gurchot's  results  it  can  scarcely  be  questioned  that  artificial  mem- 
branes, like  the  potassium  ferrocyanide  septums  used  in  his  experiments,  may, 
under  certain  conditions,  permit  the  diffusion  of  colloids;  but  the  experimental 
demonstration  and  proof  of  colloid  penetration  in  the  case  of  normal  living 
cells,  as  will  be  shown,  is  less  convincing. 

h.  Equilibrium  of  colloidal  and  molecularly  dispersed  phases.  There  is, 
moreover,  another  possible  mechanism  that  must  not  be  overlooked.  If,  as 
it  is  reasonable  to  suppose  from  the  hydration  theory  (96),  that  a  fractional 
portion  of  all  sols  are  in  true  molecular  solution,  penetration  of  colloids  into 


RELATION    OF    AVAILABILITY   TO    DEGREE    OF    DISPERSION 


253 


cells  would  take  place,  preferably  by  the  entrance  of  that  portion  of  the  sub- 
ance  which  is  in  true  solution.     The  disturbance  of  the  equilibrium  pro- 
duced by  the  diffusion  of  solute  would  enable  more  of  the  colloid  to  go  into 
true  solution.     Evidence  for  this  view  is  supported  by  the  work  of  Foerdi 
and  also  of  Fredenthal  as  recorded  by  Bechhold  (4).     From  the  observation 
that  after   ultrafiltering   pure   starch    ^^solutions"   a   given   fraction   of    he 
"solution"  always  passed  through  his  membranes,  the  former  concluded  that 
for  every  concentration  of  the  starch  solution  a  balance  existed  between  the 
Wer  particles  and  the  molecularly  dissolved  starches.     This  view  is  uphelc 
bv  Fredenthal  who  found  that  soluble  starch  i)roduced  a  definite  lowerin;.^  of 
the  freezing  point  (F.P.).     We  shall  have  occasion  to  discuss  this  conception 
later      But  the  experiments  cited  cannot  be  regarded  as  tinal,  for  marked 
differences  existing  in  the  membranes  used  by  different  investigators  might 
vitiate  comparisons  unless  the  results  are  expressed  in  terms  of     diffusion 
coefficients"   (92).     There  is  little  doubt  that  differences  in  structure  and 
composition  of  membranes,  together  with  factors  already  stated  (59)  have 
contributed  not  a  little  to  the  difficulties  presented  in  interpreting  much  of  the 
experimental  work  on  the  ions  present  in  the  soil  solution  and  which  have  been 
based  upon  dialysis  experiments  with  collodion  membranes.     The  confusing 
results  on  aluminum  as  a  factor  in  soil  acidity  may  be  cited  as  an  example 
(21,43,57). 

2.  Living  isolated  cells  and  abnormal  plants 
a    The  absorption  of  fats.    The  work  of  Czapek  (20)  and  Schmidt  (77)  on 
the  penetration  of  fine  emulsified  fats  is  frequently  cited  in  support  of  the 
theory  of  colloidal  absorption  by  living  cells.     A  critical  investigation  to  test 
this  theory  was  recently  undertaken  by  Rhine  (74).     Schmidt's  technique 
was  repeated.    When  filter  paper  saturated  with  various  oils  colored  with 
Soudan  III  were  inserted  into  longitudinal  incisions  in  starved  pea  seedlings, 
Rhine  found  that  both  free  fatty  acids  and  neutral  oils  entered  the  cytoplasm 
from  the  intercellular  spaces  and  appeared  in  the  cytoplasm  in  the  form  of 
small  droplets.     From  these  experiments  he  concluded  that  the  penetration 
was  a  physical  matter  depending  in  part  upon  the  viscosity  of  the  oil.     When, 
however,  the  tests  were  made  with  emulsions  of  linseed  fatty  acid  in  water, 
no  penetration   into   the   cytoplasm  took  place.     Further  investigations  to 
explain  this  discrepancy  disclosed  the  fact  that  the  penetration  of  the  fats  and 
oils  into  the  cells  was  due  to  a  water  deficit  in  the  walls  of  the  starved  etiolated 
pea  seedlings,  for  when  tests  were  conducted  with  normal  seedlings  well 
supplied  with  moisture  in  air  and  soil  no  penetration  took  place. 

Moreover,  comparing  the  respiratory  quotients  in  the  hypocotyls  of  fatty 
and  starchy  seeds  for  the  purpose  of  determining  the  type  of  food  used  by  the 
germinating  pea  seedling,  Rhine  rightly  concluded  that  the  form  could  not  be 
fat,  since  the  fatty  seed  hypocotyls  were  being  furnished  carbon  in  the  same 
state  of  reduction  as  were  those  of  the  starchy  seeds.    Other  experiments 
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showed  that  no  diffusion  concentration  gradient  of  fats  existed,  nor  were  fats 
found  ''en  route"  in  the  cell  walls  in  tissues  through  which  formerly  they  were 

ThTse^HtfcaT'investigations  of  Rhine  appear  to  offer  evidence  that  fat 
emulsions  do  not  enter  normal  plant  cells,  but  rigid  experimental  proof  usmg 
animal  cells  has  not  been  forthcoming.  ,  •     .u    .     i 

Bechhold  (4)  is  authority  for  the  statement  that  fats  are  found  m  the  truly 
soluble  form  (e.g.,  soaps)  only  at  tlie  time  when  they  pass  through  the  wall  of 
the  intestine,  after  which  they  immediately  regain  their  colloidal  conchtion. 
Unfortunately,  he  cites  no  exi>erimental  evidence.  If  liis  view  is  subslantiated, 
the  mechanism  of  penetration  in  such  cases  might  be  comparable  with  Witze- 
mann's  conception  (97)  of  the  catalytic  function  of  the  leucoplasls  in  the 
condensation  hydrolysis  equilibrium  involved  in  the  formation  and  mobiliza- 
tion of  starch  and  glycogen,  the  equilibrium  being  controlled  by  the  second 

law  of  thermo-dynamics.  /..n    ,  ,      ,u  , 

b    The  penetration  of  dyes.     Such  an  authority  as  Jacobs  (41)  states  tha 
many  of  the  investigations  on  the  penetration  of  acid  and  basic  dyes  (colloidal 
as  well  as  non-colloidal)  are  worthless,  partly  on  account  of  faulty  technique 
and  partly  due  to  too  broad  generalizations  from  results  on  specific  types  of 
cells     Of  the  investigations  relative  to  the  conditions  determining  the  pene- 
trabihty  of  dyes,  Ruhland's  work  (76)  acquired  prominence  because  his  con- 
clusions challenged  Overton's  view  that  ''lipoid  solubility"  was  the  greatest 
factor  determining  ease  of  entrance  into  living  cells.     Ruhland  demonstrated 
beyond  doubt  that  not  only  the  basic  or  acid  nature  of  the  dye  but  also,  m  the 
case  of  plant  cells  at  least,  the  size  of  the  molecule  was  the  important  factor. 
Colloidal  dyes  did  not  penetrate  whereas  non-colloidal  dyes  passed  through. 
Hober  (38)  and  more  recently  Gaedertz  and  Wittgenstein  (23)  have  also  con- 
firmed Ruhland's  conclusions  (76).  . 

However,  it  would  be  dangerous  to  infer  that,  because  certain  dyes  having 
large  molecules  do  not  penetrate  living  cells,  this  is  the  determinmg  factor  in 
penetration.  Beyond  a  certain  limit  this  does  not  seem  to  hold  true.  This  is 
exemplified  by  the  results  of  permeability  experiments  with  certain  organic 
substances  in  which  it  has  been  shown  that  the  size  of  the  molecule  may  be  of 
less  importance  than  the  presence  of  non-polar  groups  (51),  for  it  is  knovvn 
that  the  introduction  of  such  non-polar  groups  as  -CH3,  -C2H5,  and  UHj 
in  place  of  hydrogen  into  the  fatty  acids  increases  their  permeability  (41). 

C.   CULTURE   AND   FIELD   EXPERIMENTS   WITH   PLANTS 

1.  Distinction  between  permtability  and  absorption 

There  is,  in  the  literature,  some  confusion  of  the  terms  permeability  and 
absorption.  As  Osterhout  (66)  has  shown,  the  terms  are  not  synonymous, 
because  if  ions  are  removed  by  reactions  occurring  in  the  cell  or  in  the  inter- 
cellular spaces,   considerable   absorption   of   the   nutrient   may   take   place, 


,  u      V,  fV,P  tnip  DermeabiHty  of  the  substance  might  be  quite  low.     Ac- 

:  S  y  w  th  "he  rariJabiUty,  the  amount  of  substances  absorbed  may 

V  .  eatlv    depending  on  conditions.     In  the  following  discussion  on  the 

IsLpC  ol  nuUients'relative  to  the  degree  of  dispersion  this  distinction 

should  be  borne  in  mind. 

.    The  anuments  advanced  against  the  solulion  theory  oj  plant  nutrition 

Comber's  slimuUiting  paper  (14)  on  the  possible  role  of  colloids  in  plant 

nutr W  n  has  aUractc.l  considerable  atte„.i.,n.     This  authority  nghtly  ob,  a 

0  riendency  among  many  soil  chemists  to  take  so  many  th.ngs  for  granted 

with  ut  inquiring  scientifKallv  ami    experimentally    m.o  their  truths     (l/K 

1^'      La.   vine  ,1  that  the  assumption  that  material  must  be  >-"'^'^';;;;  '" 

"e  0    before  it  can  be  of  any  use  to  the  plant  is  quite  unproved^    In  modilica^ 

?on  of  P  esent  views,  Comber  postulates  that  the  colloids  of  the  soil  p  ay  an 
t,on  0   present  ,^^  ^^^^^^^^^^  ^^^  ^^^^^^^  ^^^  formation  of 

ITeXs  tte^t;:.;;  Vhe'colloidal  coating  of  the  plant  root  hairs  and  the 
oToidi    oadng  of  the  soil  particles.     Hence,  according  to  this  hypothesis, 
pa     0    the  nufrients  absorbed  on  the  soil  surfaces  are  mechanica  ly  incor- 
To    t     by  the  root  hairs.     Nutrients  may  in  this  way  be  absorbed  withou 
th    neceslty  of  going  into  solution.     If  this  view  is  true  it  would  follow  that 
ffus   n  of  salts'in  the  soil,  especially  those  of  phosphorus  and  «  '-  -uld 
not  be  an  important  factor  in  plant  nutrition.     It  should  be  added  that  an 
Irnative  hyUesis  to  that  of  the  direct  absorption  of  colloids  is  also  put 
forward  by  Comber  (14),  viz.,  that  the  organic  excretions  of  the  roots  may 

exert  a  dissolution  effect  on  the  particles.  ■,      i   r  .  =t„Hip<. 

Clearly,  this  conception  has  an  important  bearing  on  soil  solution  stu  lies 
and  soil  analyses,  on  which  account  rigid  proof  should  be  '"'•ihcoming  be  ore 
it  is  accepted.  The  arguments  advanced  in  favor  of  the  proposed  modification 
will  now  be  critically  examined.  .        ,_,„,,„,, 

a  The  relation  oj  the  composition  of  the  soil  solution  to  the  mineral  elements 
taken  up  by  plants.  It  has  been  maintained  on  the  basis  of  observations  of 
Hall  (33)  and  of  Ramann  (73)  that,  since  the  ratio  of  certain  mineral  elements 
assimilated  by  plants  to  the  water  transpired  is  greater  than  the  ratio  o  these 
same  elements  to  the  water  in  which  they  are  dissolved  in  the  soil  so  ution, 
therefore,  the  crop  does  not  derive  all  its  mineral  matter  by  the  simple  flow 
of  the  soil  water  by  osmosis  into  the  roots.  Accordingly,  the  examination 
of  the  soil  solution  to  ascertain  what  soluble  substances  are  present  is  no 
criterion  of  what  a  particular  plant  can  get  out  of  the  soil. 

This  conclusion  cannot  be  valid,  for,  as  will  be  shown,  the  premise  is  un- 
sound: (a)  Based  on  a  calculation  of  the  amount  of  K,0  taken  up  bX  a^lover 
crop  to  the  water  transpired.  Hall  claims  that  the  concentration  of  K.O  thus 
obtained,  viz.,  0.006  per  cent,  is  greater  than  in  solutions  obtained  from  the 
soil.  That  such  a  limit  may  not  hold  generally  is  shown  by  -"any  analyses 
of  the  writer  (84)  of  the  soil  solution  obtained  by  displacement  methods  (32,  W; 
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from  a  large  number  of  orchard  soils  in  Pennsylvania  in  which  the  K2O  content 
was  found  to  be  0.0078  to  0.0084  per  cent,  (b)  Additional  evidence  is  furnished 
from  the  carefully  controlled  and  exhaustive  experiments  of  Muenscher  (61) 
and  also  of  Prat  (72)  which  provide  rigid  proof  of  the  fact  that  transpiration 
does  not  play  an  important  role  in  the  supply  of  nutrients  to  the  plants. 
They  have  shown  conclusively  that  the  quantity  of  an  element  absorbed  by  a 
plant  bears  no  relation  to  the  water  absorbed  and  lost  by  transpiration.  In 
other  words,  Muenscher  and  Prat  have  proved  that  plants  can  absorb  water 
and  solutes  differentially,  the  quantity  of  an  element  absorbed  being  dependent 
upon  growth  as  influenced  by  humidity  and  light  intensity,  rate  of  transpira- 
tion and  concentration  of  solution.  Hoagland  (37),  moreover,  has  shown  that 
the  rate  of  absorption  is  also  dependent  on  the  nature  of  the  ions. 

These  conclusions  have  also  been  experimentally  substantiated  by  Curtis' 
mvestigations  (18).  Transpiration,  therefore,  cannot  have  much  direct 
influence  on  the  movement  of  solutes.  Chemical  change  in  the  cells  is  of 
far  greater  influence  than  the  mere  mechanical  effects  of  transpiration  (19). 
b.  The  absorption  of  silica  by  plants.  The  experimentally  established  fact 
of  the  absorption  of  Si02  from  silica  gels  has  also  been  produced  as  evidence 
in  favor  of  the  theory  of  colloidal  penetration.  The  researches  of  Pfeffer 
(71),  Gregoire  (30),  and  especially  of  Jennings  (42)  leaves  no  room  for  doubt 
that  silica  when  supplied  either  in  the  gel  or  sol  condition  is  absorbed.  Jennings 
used  freshly  prepared  silica  gels  from  sodium  silicate,  which  were  added  to 
nutrient  solutions  in  which  wheat  plants  were  grown.  Analyses  of  these 
plants  with  the  controls  showed  definite  and  relatively  large  absorption  of 

silica. 

But  the  conclusion  that  the  absorption  necessarily  takes  place  in  the  colloidal 
condition  per  se  is  not  valid.  The  facts,  as  we  shall  see,  are  also  consistent 
with  the  solution  theory. 

(;)  The  ''solubility  of  silica.  Truog  (87),  skeptical  of  the  claim  of  the 
direct  absorption  of  colloidal  silica,  offers  as  evidence  against  it  that  silica  is 
soluble  to  the  extent  of  430  p.p.m.  But  difficulties  at  once  arise  with  respect 
to  the  connotation  "solubility."  Lenher  and  Merrill  (50)  give  428  p.p.m. 
and  Gile  and  Smith  (27)  give  about  92  p.p.m.  as  the  solubility  of  silica  sols 
(silicic  acid)  in  conductivity  water.  The  former  used  S  &  S  filter  paper  No. 
589  and  the  latter  Chamberlain  filters.  The  researches  of  Joseph  and  Hancock 
(44)  indicate  a  solubility  of  32  p.p.m  for  anhydrous  silica. 

All  these  investigators  are  careful  to  qualify  their  use  of  the  term  "solubility" 
by  the  explanation  that  all  or  part  may  be  present  as  a  finely  dispersed  sol 
rather  than  a  true  solution.  It  is,  therefore,  all  the  more  interesting  to  note 
that  more  than  twenty  years  ago  Mylius  and  Grosehuff  (63)  by  treating  sodium 
silicate  with  hydrochloric  acid  prepared  an  unstable  metasilicic  acid  that  passed 
through  a  semi-permeable  membrane. 

Norton  and  Roth  (64)  also  conclude  that  silicic  acid  may  exist  in  true  solu- 
tion.    The  presence  of  definite  silicic  acids,  such  as  orthosilicic  acid(H4Si04), 


in  silica  hydrogels  and  hydrosols,  having  the  composition  xS.O,  ■  yH.SiO,  •  zHA 
n  wWch  the  quantities  of  water  and  silica  might  vary  from  a  rue  solution 
nf  silica  in  water  through  the  highly  dispersed  gels,  was  mdicated. 

The  writer  (84)  found  that  the  silica  in  soil  solutions  obtamed  by  displace- 
ment methods  (69)  dialyzed  through  collodion  membranes  prepared  accordmg 
:  he  r^  hod  If  Brown  (7).  McGeorge  (57),  too,  found  dialyzable  forms  o 
ma  in  all  the  Hawaiian  soils  examined  and  "little  or  no  coUo.d  forms  In 
e  vnt«"  experiments  the  dialysates  contained  30  to  43  p.p.m.  8,0.  More- 
over owing  to  the  well-known  effect  of  the  coagulating  effect  of  ...ns,  ,t  >s 
difficult  to  un<lerstand  how,  in  the  usual  procedure  for  the  analyse  of  c  ays, 
the  sol  could  possibly  renain  stable  in  the  presence  of  such  large  quanlU,es 
of  electrolytes,  if  the  silica  is  not  molecularly  dispersed. 

t  is  possible  to  interpret  these  results  in  accordance  w.th  the  v,ew  presented 
by  Hardy  (34),  viz.,  that  silica  may  become  soluble  by  the  sphtUng  off  of 
.Lu  units  of  the  adsorption  complex,  xSiO,yH.O,  owmg  to  the  ab.hty  of  the 
"combined"  water  molecules  to  ionize. 

The  existence  of  pure  silica  hydrosols  and  hydrogels,  as  already  mentioned, 
has  been  questioned.    Hardy  (34)  concludes  that  the  weight  of  evidence 
favors  the  view  that  hydrous  silica  is  an  ampholyte  possessing  an  isoelectric 
point  well  on  the  acid  side  (pH  6.4),  and  records  Williams  conclusions  (9o) 
that  silica  gel  seems  to  possess  a  reticulate  structure  which  when  saturated 
contains  water  in  two  phases,  the  one  absorbed  at  the  surface  of  the  material 
comprising  the  gel  framework  and  the  other  filling  the  interm.cellar  spaces. 
From  the  facts  presented  above,  it  would  be  unscientific  to  infer  that  because 
an  increased  absorption  of  silica  by  plants  is  found  when  silica  gels  are  added 
to  nutrient  solutions  absorption  of  the  colloid  takes  place  per  se.     The  facts 
are  obviously  equally  consistent  with  the  simpler  view  of  absorption  from  true 

solution.  .  f     n  , 

(2)  The  effect  of  silica  gels  on  Ike  absorption  of  other  ions  by  plants,    f  inally, 
it  is  of  interest  to  inquire  into  the  causes  producing  an  increased  absorption  ot 
phosphorus  from  rock  phosphate  in  the  presence  of  silica  gels.    Lemmermann 
and  Weismann  (49)  attributed  the  increased  yields  to  an  increased  assimilation 
of  sihca.    This  view  was  criticized  by  Gile  and  Smith  (27),  who  contended  that 
the  beneficial  action  of  silica  gel  on  the  growth  of  plants  is  to  be  attributed  to 
the  effect  of  silica  on  the  solubility  of  rock  phosphate.    There  is  yet  another 
possible  explanation,  viz.,  that  derived  from  the  application  of  the  Oibbs- 
Donnan  equilibrium  law  to  the  distribution  of  ions  on  the  two  sides  o  the 
semi-permeable  membrane.    This  latter  view  is  supported  by  the  work  of 
Butkewitsch  and  Butkewitsch  (9),  who  have  supplied  experimental  evidence 
on  the  influence  of  the  presence  of  a  non-diffusible  ion  (silica)  upon  the  absorp- 
tion of  diffusible  ions  by  plants.    The  application  of   the  Gibbs-Donnan 
membrane  equilibrium  theory  will  be  discussed  in  a  subsequent  paper. 

c.  The  absorption  of  iron  by  plants.    Comber  (14)  is  unable  to  reconcile  the 
absorption  of  iron  bv  plants  on  calcareous  soils  with  the  solution  theory. 
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This  view  is  based  on  the  insolubility  of  ferric  ox.de.  It  should  be  noted, 
however,  that  iron  may  exist  in  soils  in  comparatively  large  amounts  m  the 
iLr  sme  of  oxidation.  Thus,  Vanstone  (89)  records  the  existence  of  ron  ,n 
Z  from  the  Folkstone  Beds  of  England  as  the  soluble  and  available  ferrous 

^""owi'gto  the  weakly  basic  character  of  Fe.O,,  the  ferric  carbonate  formed 
i„  ndcaroous  soils  is  unstable,  undergoing  hydrolysis  wUh  formation  o    the 
sol  xfV,03Vll.O,  or  un.ler  s.,me  con.iitions,  a  preci,nlate  of  f.rnc   hydrate 
(12)      iVvdrous  ferric  oxide  is  an  amphoteric  clectrolvte  with  a  „1I  probably 
of  about' 6  5.     Its  basic  properties,  however,  outweigh  its  acidic  properties 
and   the   "forrites-   so   forme.l   are   <,uite   uns.able.     Its   acidic   ''--"at.on 
■Fe(0H)3  -  3(0H)-  +  Fe'-,  therefore,  would,  as  recorded  by  Hardy  (,,«), 
be  accompanied  by  the  formation  of  the  irreversible  mono-hydrate      The  pre- 
„-„:.,.„d  .,vHmvide  has  a  low  solubility  in  water  (1  p.p.m.);   if,  however, 
conditions  permitted  the  rate  of  absorption  even  at  this  low  concentration  to 
be  high   enough  Fe  might  still  be  furnished  for  normal  metabolism  by  the 
disturbance  of  equilibrium,  as  already  discussed  (p.  253).     The  investigations 
of  Gile  and  Carrero  (25),  who  showed  that  soils  which  yield  iron  sufhcient  for 
the  growth  of  plants  may  not  show  a  detectable  amount  of  iron  m  the  water 
extract,  may  be  cited  in  support  of  this  view.     The  experimental  evidence 
without  exception,  in  culture  solutions  has  shown  that  only  traces  of  iron  need 
be  present  in  the  solution  for  normal  growth. 

If  on  the  other  hand,  Jofte  and  McLean's  conclusions  (43)  from  laboratory 
experiments  are  applicable  to  soil  conditions,  then  we  must  infer  that  iron 
cannot  occur  in  molecularly  dispersed  solutions  in  normal  soils  and  very  little 
in  the  sol  state,  since  no  Fe(0H)3  in  molecularly  dispersed  solution  was  found 
by  them  higher  than  pH  3  to  4;  and  that  even  in  the  presence  of  SO,  ions 
no  Fe(0H)3  sol  existed  above  pH  3.8.  Apparently,  however,  in  the  presence 
of  NO,  and  CI  ions,  the  Fe(0H)3  sol  could  exist  as  high  as  pH  5.4.  These 
results  indicate  the  importance  of  the  consideration  of  the  influence  of  the 

other  ions  in  the  soil. 

Since  the  criterion  of  the  sol  condition  used  by  Joffe  and  McLean  was  non- 
diffusibility  through  collodion  sacs,  this  criterion,  as  was  indicated  in  the 
earlier  part  of  this  paper,  may  invalidate  the  sharp  line  of  distinction  made  by 
these  authors  between  true  solution  and  the  sol  and  gel  conditions. 

It  would  be  of  interest  to  correlate  Jofte  and  McLean's  results  with  Gile  and 
Carrero's  culture  experiments  (26),  in  which  these  authors  show  that  colloidal 
iron  that  was  not  permeable  to  a  parchment  membrane  was  available  to  plants 
in  an  acid  medium  and  to  a  limited  extent  in  a  neutral  medium  but  not  when 
CaCOa  was  added.     Unfortunately,  Gile  and  Carrero  do  not  give  the  pH  of 

their  solutions. 

In  an  earlier  paper  (25)  Gile  and  Carrero,  comparing  the  availability  of 
dialyzed  iron  with  ferric  chloride  to  rice  plants  in  culture  solutions,  conclude 
that  rice  could  not  assimilate  "colloidal  iron"  but  that  the  plants  absorbed  the 


fraction  of  the  iron  that  was  molecularly  dispersed  from  the  dialyzed  ferric 

'"Hardv'(35)  believes  that  complex  coordinated  metal  anions  may  readUy 
nenetfate  and  suffer  translocation  in  the  plant.    This  belief  is  founded  on  the 
esu Itfob  ained  by  many  investigators  who  have  used  different  iron  com- 
pounds in  nutrient  culture  experiments;  but,  as  there  is  no  definite  ."format  on 
Tthe  composition  of  these  complex  organo-metallic  compounds  (36),  the 
Lumntion  that  they  are  al,sorbe,l  by  plants  seems  unwarrante<l.      There  can 
reMtte  doubt  that  the  c<,mplcx  fcrn,-ci.  rates  and  f.iro-.artrates   as  o,„anu., 
bv  extracting  iron  oxides  with  citric  an,i  tarlaric  acids,  are  colloulal  an,i    liat 
on  standing  Uiev  gradually  undergo  hydrolysis  and  prrcipilate  out;  but  there 
"UU  some  ferrh  ion  i.i  solution  even  after  .-t  day.  (SO..      In  t.n^  connect, on 
it  is  interesting  to  note  that  analysis  by  the  writer  of  a  sample  oMercks 
"dialyzed  iron  containing  5  per  cent  Fe.O,"  gave,  after  coagulating  with 
«„Ci   a-l  <-,PPrin^  0.5  per  cent  of  chlorine.     Tested  with  potassium  sulpho- 
cvanale  'ihe  filtrat;  gav;  a  slight  blood  re.l  color.     The  presence,  therefore, 
0  som    Fe  in  solution  is  indicated.     It  follows  that  the  cclloid-solution  equi- 
librium hypothesis  advanced  earlier  in  this  paper  (p.  253)  may  also  be  applied 
to  explain  the  penetration  of  iron  (and  aluminum)  into  cells.     According  to 
this  view  we  would  have: 

Colloidal  FcAxII^O  5=^  dissolved  re(OH),  ^  Fe"-  +  3(0H)- 

Relative  to  the  absorption  of  other  ferric  sols  by  plants  the  experiments  of 
Parker  (70)  show  that  colloidal  ferric  phosphate  hydrosol,  that  was  non- 
diffusible  through  collodion  sacs,  was  not  available  to  plants. 

Field  experiments  on  the  subject  show  strange  contradictions.  Ihus  t.Ue 
and  Carrero's  field  experiments  on  calcareous  soils  indicate  that  iron-mduced 
chlorosis  may  result  in  plants  growing  upon  them.  We  are  therefore,  on  the 
horns  of  a  dilemma.  Iron  is  available  to  plants  on  the  chalk  sods  of  Lngland, 
but  in  the  calcareous  soils  of  Hawaii  it  is  m.t  available  in  sufTicient  amounts  to 
prevent  chlorosis.  The  results  on  the  Hawaiian  soils  do  not  support  the 
explanation  offered  (14,  35)  for  the  absorption  of  iron,  viz.,  the  formation  of 
organo-compoumh   with   such   substances   as   sugars,   starches,   certain   pro- 

The  conclusion  seems  inevitable,  therefore,  that  more  facts  are  needed 
before  any  claim  to  the  absorption  of  colloidally  dispersed  iron  by  plants  can 
be  made.  All  the  facts  can  readily  be  explaine.l  on  the  basis  of  the  iron  of  soils 
being  absorbed  in  the  molecularly  dispersed  state.  ,.    ,  ,    .v, 

d.  The  availability  of  mineral  phosphates.  If  the  phosphorus  applied  both 
in  the  "raw"  mineral  form  and  as  superphosphate  is  i)resent  in  the  colloidally 
dispersed  phase,  it  would  not  be  possible,  as  many  investigators  have  done, 
to  find  a  correlation  between  the  amount  of  water-soluble  phosphorus  the 
amount  of  phosphate  applied  and  the  response  of  crops.  In  what  follows, 
we  shall  discuss  some  of  the  salient  points  with  reference  to  the  conditions 
rendering  the  phosphorus  of  mineral  phosphates  available. 
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(0  Superphosphates.  In  a  very  ingenious  discussion  of  the  ava  lab.h  y  of 
Josoiiorus  Murray  (62)  points  out  tliat  the  compounds  into  which  the  soluble 
Sosite  'are  converted  by  reversion  in  the  soil  will  consist  o  particles  of 
Afferent  sizes;  some,  therefore,  will  have  larger  and  some  smaller  .«./««.. 
As  he  pa  tides  belo^  the  critical  stage  (circ.  200.m)  representmg  the  trans.tjon 
fo  he  col  dal  state  will  undergo  comparatively  rapid  solut  on,  it  follows  that 
the  rate  of  absorption  of  ions  by  the  plant  will  be  determined  by  the  number  of 
panicles  below  the  critical  stage.  .,    ...      ,      ,•  i         in.i 

Murray  cites  the  law  of  diminishing  returns,  which  Mitscherhch  and  Baule 
(60)  hav;  attempod  to  express  as  a  fundamental  law,  in  support  of  this  view. 
Thus,  when  the  particles  below  the  critical  stage  are  formed  m  such  large 
numbers  that  equilibrium  exists  between  the  rate  of  absorption  by  the  plant 
arthe  rate  of  solution,  no  appreciable  difference  in  the  yield  would  be  expected 
to  occur  bv  the  addition  of  more  fertilizers.  This  is  what  happens  in  most 
cases,  although  exceptions  to  the  general  rule  are  known  1-48;. 

Murray's  views  on  the  formation  of  solid  particles  are  based  on  the  hydrolysis 
hypothecs.  The  investigations  of  Cameron  and  Bell  (10)  lead  to  the  con- 
clusion that  the  addition  of  mono-calcium  phosphate  to  the  soil  results  m  the 
formation  of  the  secondary  salt  CaHP04-2H20. 

CaH.(PO.),ftO  +  H,0  -  CaHP04-2H^  -|-  H.PO.. 
They  concluded  that  no  definite  compound  existed  intermediate   between 
CaHP0,-2H,0  and  Ca(0H)2,  but  only  a  series  of  solid  solutions.    Austins 
(1)  results  on  the  electromctric  titration  of  Ca(OH),  and  of  CaCO,  with  mono- 
calcium  phosphate  are  essentially  in  accord  with  the  views  of  Cameron  and 
Bell     Both   Warington's   (91)   and   Bassetfs   (2)   investigations,  however, 
indicate  that  only  the  tricalcic  phosphate  Ca,(PO.),  and  the  hydroxy-apatite 
Ca,(Pa),Ca(OH),  can  be  in  stable  equilibrium  with  an  aqueous  solution, 
and  that  the  latter  is  the  only  calcium  phosphate  that  can  permanently  exist 
under  normal  soil  conditions.    Which  of  the  foregoing  conclusions  apply  to 
the  actual  conditions  in  the  soil,  it  is  impossible  to  say.    AH  that  is  certain 
is  that  calcium  mono-phosphate  is  converted  into  a  substance  (or  subsUnces) 
that  is  very  much  less  soluble  than  the  original  substance  and  that,  possibly, 
the  conversion  may  be  into  very  insoluble  forms.     Murray's  deductions  are 
therefore,  in  no  way  irrational.    But  the  actual  conditions  existmg  in  the  soil 
may  not  be  capable  of  explanation  wholly  by  solution  forces,  as  he  supposes; 
for,  apart  from  the  possibility  of  the  formation  of  aluminum  and  iron  phos- 
phates in  acid  soils,  there  are  unquestionably  other  forces  operative,  in  addition 
to  those  pointed  out  on  page  263,  to  disturb  the  equilibrium  conditions,  such 
as  those  due  to  absorption  of  the  PO,  ions  by  the  soil  colloidal  complexes.     1  he 
tenacity  with  which  these  absorbed  ions  will  be  held  will  vary  with  the  potential 
differences  developed  and,  therefore,  upon  other  cations  and  anions  present 
in  the  absorption  complex  (16,  79,  81).    The  concentration  of  the  PO4  on  the 
colloidal  surfaces  will  be  determined  by  the  Gibbs-Donnan  equilibrium  law. 


The  experimental  work  in  support  of  these  facts  is  considerable,  of  which 
'  only  will  be  cited:  (a)  The  PO,  ions  of  superphosphate  may  be  so  strongly 
Zrhed  by  some  soils  that  acids  may  not  dissolve  more  phosphorus  from  such 
S  treated  with  superphosphates  than  from  soils  supplied  with  rock  phos- 
phate (98)  (A)  In  field  experiments  it  frequently  happens  that  as  much  as 
20  ner  cent  of  the  applied  phosphorus  is  not  recovered  by  the  crop  (27 
Wheeler  and  Adams  (93)  concluded  from  their  experiments  on  peat  and  muck 
soils  that  "saturation"  of  the  soil  colloids  was  necessary  before  additions  of 

ohosphates  became  effective.  . 

Gordon  and  Starkey  (28,  80),  working  with  artificial  iron  and  aluminum 
.els  have  shown,  as  would  be  expected  from  theoretical  considerations,  that 
the  greater  the  hydrogen-ion  concentration  of  the  surrounding  so  ution,  the 
lower  the  absorption  of  PO,  ions  and  vice  versa.  Nevertheless,  leaching  of 
phosphorus  may  occur.  A  slight  loss  of  phosphorus  from  a  loam  soil  derived 
from  Triassic  Red  Shale  has  been  noted  in  the  New  Jersey  Station  cylinder 
experiments  (5),  especially  in  the  larger  phosphatic  applications.  On  some 
North  Wales  shaly  loams  and  even  in  some  heavy  clay  loams  Robmson  and 
Tones  (75)  found  considerable  leaching  of  phosphorus-applied  as  slag- 
into  levels  below  18  inches,  in  a  region  where  the  leaching  of  the  soil  by  per- 
colating waters  is  above  normal. 

The  foregoing  evidence  on  superphosphate  may  be  insufficient  to  provide 
rigid  proof  that  the  facts  are  best  in  harmony  with  the  solution  theory;  but, 
on  the  other  hand,  no  experimental  work  on  superphosphates  has,  thus  far 
furnished  any  support  for  the  theory  of  the  absorption  of  colloids  If  rigid 
proof  were  forthcoming  that  silica  gels  or  sols  are  directly  absorbed  by  p  ants 
then,  since  it  forms  the  greater  portion  of  the  outer  coating  of  the  soil  colloidal 
particles,  phosphorus  and  other  ions  absorbed  by  this  hydrogel  might  be  con- 
ceived to  be  carried  into  the  root  hairs  with  the  silica,  but  until  additional 
facts  are  obtained  the  view  must  be  held  to  be  purely  speculative. 

(2)  sparingly  soluble  phosphates.  Is  it  valid  to  deduce  from  the  fact  that 
fertilizers,  like  basic  slags  and  mineral  phosphates,  are  "sparingly"  soluble 
that  solubility  is  not  the  dominating  condition  of  availability,  as  Comber 
(14)  suggests?  The  terms  "sparingly  soluble"  and  "valuable"  applied  to  such 
fertilizers  are  purely  relative.  On  some  soils  and  for  some  plants,  especially 
the  solanaceae,  as  will  be  discussed  in  a  subsequent  paper,  the  mineral  phos- 
phates may  be  quite  unavailable.  Under  favorable  conditions,  however,  in 
some  soils  the  mineral  phosphates,  especially  "floats"  (raw  rock  phosphate 
ground  finer  than  200  mesh),  may  be  as  available  as  the  superphosphates. 

(a)  SolubUity  and  availability  0/  "floats."  Due  to  their  variable  content  of 
CaCOj  there  is  considerable  variation  in  the  solubility  of  the  natural  rock 
phosphates  in  water,  carbonic  and  citric  acids,  etc.  The  extensive  bibli- 
ography on  the  subject  is  recorded  by  Cameron  and  Hurst  (11).  These  latter 
investigators  arrived  at  the  conclusion  that  rock  phosphate  undergoes  hy- 
drolysis as  follows: 

Ca,(PO.),  +  4H,0  -  CaHPO.  +  2CaOH,0  +  H.PO. 
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The  "solvation"  of  this  mineral  by  water  is,  therefore,  a  solution  not  of  the 
tertiary  phosphate  but  of  its  decomposition  products.  It  is  then  these 
secondary  products  that  are  subjected  to  the  action  of  the  solvent  forces  of  the 
soil  solution.  Moreover,  the  solubility  of  these  products  is  related  to  their 
availability.  Thus,  Vanstone  (88)  has  found  that  all  the  phosphates  of  cal- 
cium examined  by  him  were  practically  completely  soluble  in  2  per  cent  oxalic 
acid  in  half  an  hour  at  ordinary  temperatures  and  that  the  intake  of  phos- 
phorus by  the  bean  })lant  is  ])r()portional  to  the  oxalic  acid  solubilily. 

(b)  Acids  as  a  jador.     There  is  some  evidence  to  indicate  that  acids,  es- 
p(>cially  carbon  dioxide,  resulting  from  the  decomposition  of  organic  matter 
may,  under  some  soil  ccniditions,  be  an  important  factor.     The  laboratory 
experiments  of  Truog  (86)  and  the  held  and  laboratory  work  of  lireazeale  and 
Burgess  (6)  may  be  cited  in  this  connection.     The  latter  investigators  found 
,1    ,  •    (1      ,„-^    f  >,-i^ri<^  T^ioK.t'-  t^'^  r^1':tfi\'p  ph^nrntion  of  T^Oi  from  rock  phos- 
phate  in  soil  culture  solutions,  treated  with  "floats"  contained  in  distilled 
water  onlv,  was  only  0.0104  gm.  PO,,  but  0.0188  gm.  VO,  when  the  solutions 
were  saturated  with  CO2  and  0.0206  gm.  TO.  from  a  dilute  aqueous  solution  of 
Ca(H2PO02.     The  availability  of  the  rock  phosphate  used  by  these  investi- 
gators in  soil  saturated  with  CO2,  therefore,  is  not  much  less  than  that  of 
superphosphate.     Although,  as  will  be  shown  in  a  later  paper,  it  is  unlikely 
that  the  soil  solution  is  saturated  with  CO2,  nevertheless,  barring  secondary 
reactions,  the  marked  influence  of  this  solvent  on  the  availability  of  "floats" 
is  indicated.     It  is  probable  that  the  reason  why  the  earlier  investigators 
failed  to  determine  the  influence  of  the  CO2  factor  on  the  availability  of  rock 
phosphate  was  due  not  only  to  the  reasons  cited  by  Truog  (86)  and  to  reasons 
mentioned  later  (p.  263),  but  also  to  the  unfortunate  selection  of  the  solvent 
used  in  extracting  the  phosphoric  acid.     When  the  extraction  is  carried  out  by 
means  of  the  acids  (citric,  nitric)  used  by  the  earlier  investigators,  a  reverse 
reaction  sets  in  between  the  soluble  calcium  salt  formed  and  the  phosphoric 
acid  that  has  become  soluble,  resulting  in  the  precipitation  of  the  phosphate 

(88). 
From  the  foregoing  it  follows  that  an  exact  formula  for  the  solubility  of  rock 

phosphate  is  not  possible.     It  may  be  signified  by  the  expression  s  =    \  ^,^^+, 

indicating  that  the  solubility  increases  with  the  hydrogen-ion  concentration 
of  the  solution.  We  should  expect,  therefore,  as  indeed  Gedroiz  (24)  and 
McCall  (56)  and  others  have  already  shown,  an  increased  availability  of  these 
naturally  occurring  phosphates  on  unsaturated  soils.  It  has  already  been 
mentioned  that  Vanstone  (88)  found  that  the  solubility  of  rock  phosphate  in 
2  per  cent  oxalic  acid  corresponded  with  the  rate  at  which  mineral  phosphates 
are  absorbed  by  plants  and,  furthermore,  Kelly's  (47)  laboratory  experiments 
have  indicated  a  depression  in  the  solubility  of  Ca3(P04)2  in  the  presence  of 

CaCOa. 

However,  the  solution  of  the  problem  of  the  availability  of  rock  phosphates 


.    nknts  is  not  so  simple  as  might  be  inferred  from  solubility  results.     The 
"  ^  I  e   actors  leading  to  the  solution  of  rock  phosphate  in  the  soil  may  b 
'Z^a^y       ol^^  -actions  that  tend  to  the  "fixation"  by  bacteria  (M 
T^the  precipitation  by  the  hydrolyzing  sol  exchange  bases,  eg    Al.Ie, 
S  of  the  phosphorus  thus  rendered  soluble.     The  new  series  of  fertilizer 
^       e  per  ment    of  the  Pennsylvania  Experiment  Station,  which  were  com- 
P      '  1   n  1  PO   m.y  be  cited  in  illustration.     In  those  experiments  the  addi- 
;:  :         u    -n  hlplue  and   rock  plu.sphate,   respecUvely,  ,.,  .he    ,»«•  J^ 
;     p,oL.,i.lH,havcgiv,.n..n.yappr,.xinKU<.lyl5p.rc..     .kV^ 

'     orn  0.1.  and  ^^lu■al  than  on  the /;»»■ '.<//.»»/ ™<<«"r<'  plotsf.Il  .>  toOD). 
°    r/ecM.lanaUons,  therefore,  rola.ive  to  the  resuUs  ol,taine,l  on  >1H.  neutra 

e,V",     y  a  i<l  soils  of  some  of  the  eastern  an<l  n.,l<lle  w.steni  expcnu,, 
tan     supplied  with  sulT,cient  rainfall,  to  the  effect  that  the  amount  of 
dec  ml  ng  organic  matter  is  the  most  important  factor  conditioning  av  ail- 

dccomposni},  u  b  ^  ^   .i;f,^^,;,.n      Coneralization  of   the  ex- 

chiliiv  of  rock  phospnate,  icqunc  >.|L.ai...>,j.. ,  ,   ■      i 

pt      io  s  presented' by  Breazeale  and  Burgess  (6)  of  their  results  oUa, 
on  the  Western  alkaline  soils  which  they  maintain  contain  no  f-e  CO.  and 
.«ch  give  no  response  to  rock  phosphate  additions  ,s,  therefore,  limited  by 

"t manTcases  conclusions  as  to  the  relative  availability  of  rock  phosphate 
(a  superphosphate)  have  been  based  on  growth  in  sand  culture  experiment^ 
using  mineral  nutrient  solutions.  Such  e.xperiments,  obviously,  do  not  si  ow 
the  relative  availabilities  under  field  conditions. 

There  is  evidence  that  the  mineral  aci.ls  and  possibly  also  acetic  bu  tr  c 
and  lactic  acids  formed  in  the  soil  increase  the  a^•ailabil.ly  o  sparingly  solul  e 
phosphates.  This  is  supporte.l  by  the  work  of  Hopkins  and  ^'"^-^' ^f  - 
the  availability  of  rock  phosphates  in  the  presence  of  ammonium  sal  and 
also  by  the  Lipman  process  (33,  54)  of  rendering  floats  available  by  utilizing 
the  oxidation  of  sulfur  by  micro-organisms.  ,.,,;„„  ,,f 

<c)  Absorption  of  PO,  from  very  Uno  conccntraUons.  Ihe  concen  ration  of 
phosphate  ions  in  all  soils  is  low.  Numerous  investigators,  --^^^"^^ 
culture  solutions,  have  shown  that  plants  can  deve  op  normally  in  very  d.lu  e 
solutions  of  PO,.  Thus,  Breazeale  and  Burgess  (6)  fouml  that  oat  an<l  ba  ky 
seedlings  can  absorb  PO,  sufficient  for  normal  development  in  a  ""l^^rit  s  lu- 
tion  containing  only  0.,S0  p.p.m.;  and  Parker  (70)  found  that  corn  wi  11  make 
maximum  growth  in  culture  solution  containing  only  0  2--,  p.p.m  lu,.  ii 
these  results  are  applicable  to  Held  conditions,  the  small  solubility  o  rock 
phosphate  wouUl  present  no  difficulties  to  the  acceptance  of  the  older  solution 

theories.  .         ,        ,    ,        ,     ^. 

Comber  (15)  points  out  that  the  naturally   occurring  phosphates  do  not 
seem  to  possess  colloidal  surfaces.     But  even  if  such  a  phosphate  as    lloats 
was  prepared  in  the  coUoi.lal  condition  and  applied  to  the  soil,  it  is  question- 
able it  carbon  dioxide  and  the  other  solvents  present  woul.l  react  with  the 
colloid,  owing  to  the  influence  of  the  electric  charge  carried  by  it. 
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The  evidence  presented  affords  no  indication  that  the  ava.laMity  of  rock 

The  eydence  p  behavior.    Rather  does  it  point 

phosphates  IS  ^f  ™ J^y  ^"^      ,^5,;      j^  ^      estion  of  absorption  from 

toward  the  conclusion  ^^^  'f  ^J^"  J^  J^„„  ,1^  „,ass  action,  through  the 

t:Z::^^^S:^^^  of  PO.  ions  .y  ..  P^nt  is  a  function 

^^^rr :i:w:-"^^^^^        -  p^assiu.  o  o., 

Ihe  benavior  distilled  water.     One  could  hardly, 

l::r:  l^:  •,:  ;  Th:  rSts^o^^i^d  b^  naie^  (3^),  in  which  2,)0-njesH 

:';::;  used  .n  sand  cultures  furnished  potassium  at  -te  an,p  e   o  p,,auce 

,arge  yields  of  buckwheat,  ^'^^l^^^^;^^^' ^  ^^  revtTce  (58)  to 

(d)  Iron  and  aluminum  phosphates.     Aitnougn  uicic  ,i„^:„„^ 

indfafe  that  the  ar^ificiaUy  prepare,  V^^^  ^;^  ^f^Z: 
are  --mailable  to  plants  t^^^^^^^^^^^  ^^ 

M^'VZ^'.Zti^  (S  does  not  give  the  source  of  his  "C.P. 
„^S  nor  the  relativl  fineness  of  division  of  any  of  *e  Phosphat- u.d 
AlthouKh  it  is  possible  that  the  greater  fineness  of  division  of  the  art.ficia 
phosphites  as  well  as  the  tendency  towards  increasing  ^as-ty  and  consequ^ 
fnsolubility  of  the  natural  products,  as  weathering  P-c-ds  may  be  con 
tributary  causes,  other  factors  may  predominate.  Thus,  in  the  case  ° 
artiSy  prepared  ferric  phosphate,  for  example,  Cameron  and  Bell  (10) 
hav SwnU  the  acidic  properties  of  the  salt  prepared  by  P-P>  aU>n  ma 
be  very  pronounced,  even  after  100  washings,  due  to  absorbed  PO,  ions.  Ihe 
it  thus  prepared  is  more  soluble  and,  therefore,  would  be  more  available 

^^Motv^si^^  Marais  (58)  did  not  find  the  ^ineral  aluminum  a^^- 
phosphates  ;f  any  value  except  in  the  presence  of  --7-;°2Tes"n  ih 
would  be  logical  to  infer  that  the  availability  of  these  mineral  f  °^f  ^^^^^^  «^ 
presence  of  nitrogenous  salts  would  be  due  to  the  ac  ion  of  the  nitric  ad 
formed  (40),  the  rate  of  solution  being  determined  by  the  numbe   of  particle 
below  the  critical  stage  (p.  260).     However,  it  must  be  ^d"  "«^^^^^^^^^^^^^^ 
knowledge  of  the  conditions  rendering  the  various  phosphates  ■"  the  soiUo  uble 
are  very  unsatisfactory.    Over  twenty  years  ago  it  was  suggested  by  Wh.tson 
and  Stoddart  (94)  that  the  reason  why  acid  soils  act  as  if  deficien    in  phos- 
phorus is  due  to  the  formation  of  aluminum  (and  iron)  salts^   V^"^*""^,^  ' 
experiments  on  the  solubility  of  soils  in  citric  acid  give  confirmative  ev^enc 
of  the  relative  insolubility  of  the  phosphorus  of  acid  soils.    But  the  fin<hngs  o 
some  investigators  (58, 93)  that  the  availability  and,  therefore,  Fesumably  the 
solubility  of  aluminum  phosphate  is  increased  by  liming  is  not  explicable  on 
theoretical  grounds.    The  equilibrium  conditions  of  a  solution  involving  Al 
(or  Fe),  Ca,  PO,,  H  and  OH  ions  may  be  written 


AlPO,  f:!  Al++^-  +  P0< — 
3Ca(0H),  !=!  60H-  +  3Ca++ 


(1) 
(2) 
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(3) 
(4) 


As  the  solubility  product  of  AlPO,  is  less  than  Ca,(P04)2,  most  of  the  PO, 
fons  at  pH  7.0  and  above,  would  be  precipitated  as  AlPO,  (or  FePO,).  The 
Tendency  of  lime  would,  therefore,  be  to  depress  the  solubility  of  aluminum 

'"TSll'(SrigeTts  from  the  results  of  his  experiments  that  the  following 

reaction'^  may  lake  place. 

above  pH  6.4- 


AlPO.  +  60H- 


(l) 


btlow  pi  I  0.4 


and 


also 


above  pH  3.0 

FePOi  +  30H-  <— Fe(OH)j  -f  POr 

below  pH  3.0 


neutral  conditions 
CaaCPOj.  +  60H-  < Ca(OH),  +  2P0,- 


C?^ 


X  +  ^  CajCPO J:  +  2y(0H)- 
3 


2y 


-►  xCa3(P04)2yCa(OH)>  +  y  PO*" 


(3) 
(4) 


alkaline  conditions 


Under  more  alkaline  conditions  the  calcic  phosphate  would  give  rise  to  a  basic 
phosphate  and  PO4  ions.     But  considerations  of  the  solubility  products  of 
these  substances  lead  to  difficulties  in  accepting  Teakle's  conclusions  mtoto. 
Austin  (1)  has  challenged  the  belief  that  the  formation  of  insoluble  complexes 
of  iron  and  aluminum  phosphate  in  acid  soils  is  the  cause  of  the  low  avail- 
ability of  phosphorus  found  in  many  acid  soils.     He  did  not,  however,  as  the 
title  would  seem  to  suggest,  use  any  soils  in  his  experiments.     The  data  was 
obtained  by  working  with  the  pure  hydrosol  or  hydrogel  bases  assumed  to  be 
present  in  soils,  by  titrating   electrometrically  with  CaH4(P04)2.     ^^^^^  ^ 
conclusion  is  based  on  the  fact  that  the  titration  of  A1(0H)3  and  re(0H)3 
with  CaH4(P04)2  resulted  in  82  per  cent  and  40  per  cent,  respectively,  of  the 
phosphorus  still  being  in  solution  at  pH  5.4,   from  which  fact  he  concludes 
that  at  pH  5.4  the  equations 

A1(0H)3  +  CaH4(P04)2  -  AIPO4  +  CaHPO*  +  3H2O 
Fe(0H)3  +  CaH4(P04)2  -  FePO*  +  CaHPO*  +  3HiO 

do  not  go  to  completion.  In  other  words,  in  the  presence  of  Al  (or  Fe),  Ca, 
PO4,  H  and  OH  ions  a  fairly  acid  soil  would  not  have  all  the  PO4  ions  com- 
bined with  Al  (or  Fe). 

The  actual  conditions   in    the  soil   are   undoubtedly  complex.     Hydrous 
alumina  has  an  isoelectric  point  of  6.5.     If  we  consider  its  acidic  dissociation 
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^,0H)3  -^  M-  +  30H-  obvjously  tHe  ad.U.on  oj  ^^^^  '^  ^ 

fomation  of  water  by  the  ^^f^'^'^Zf-.nMih^t  the  colloidal  hydrous 
alumina.    It  follows,  as  H-dy  (34)  ha.  -^^^^^^^^^^^^^^^^  ,,^  the  potential 

alumina  would  be  removed  f^^^^er  from  ts  soe^cmc  P^  ^^  .^^^^^^^^ 

difference  between  'ts -face  ^d  *e  d.sper .onj^^^^^^^^         ^^  ^^^  ^^^^^ 
The  addition  of  an  an.on,  such  as  PO.  «   S>0^  ~        P  ^^^ 

anions  and  cations  present-^  result  m  the    «;"  °„  ^j^^i^elative  cleclro- 
,,e  precipitating  P^;-- ^^^^^^^^^^^  we  should  expect  M 

SS-rt^-cor-l,  solution   for  h.h^^^^^ 

of  the  subsunces  formed.  „,„       ^^,,  ^„j  ^^^ilable  to  plants"  by  which 

(e)  Basic  slags.  7^""^'";'""    "^""^ithout  qualification,  appear  justi- 

clays  have  been  characterized  does  not   witnou  ^         ^^  j^  j^^.B^ssemer 

fiable.    The  old  Thomas  slag  "^^^^^^.^^  ^^  J^^" -Ltog?- of  C^^^^ 
process,  which  was  produced  by  the  ^^d't  on  of  a  ^as^^^^^^^^  ^^^^  ;,  ,,,^ 

MgCO.  was  of  a  '-ly  --;-;  ^^^^^^^^^^^  with  solu- 

80  to  95  per  cent  available   o  plants  and  sho^  ^^^  ^^^  ^^^^^^^^^^ 

bility  in  2  per  cent  citnc  acid.    The  ''^'^.  "i"  ,   .     gg^^emer  process,  how- 
slag  has  a  high  phosphorus  content.    This  ^^l^b "st  Besser^     p 

ever,  has  now,  for  economical  ~;^;-  ^u'Sx  is  used,  resulting 
the  Siemens-Martm  process,  m  which  a  calcium  nuo  .^       50 

in  slags  of  very  variable  composition  and  P  -P^-^^^^^  citric 

per  cent),  but  which  show  little  correlation  ^f  ^°\f  ^^  '       l^         ^sses 
acid     The  slags  from  the  acid-Bessemer  and  Basic  Open  Hearth  p  0 
usfd  in  the  United  States  are  not  high  in  phosphorus  and  3°-^;*^;^ 

used  for  the  making  of  steel  in  this  country  --7-'^>y^°;^'^,^^^^^^^^^  the 
Stead,  as  recorded  by  Va^tone  (90)   gwes  Ca^^^^^^^^^^         CaS    3^^^  ^^^ 

composition  of  the  low  aad  -luble^  s.  J^^  J^^  ^sphat'es  are  applied 
the  composition  SCaOSiOj-PjOs.  wnen  tnese  m  f  j  „„™itting  the 
to  the  sdl  the  combined  CaO  is  freed  as  -«-*"■"«  Pf^-^^^'vP^'eahering 
ready  dissolution  of  the  P^.  radical.  The  period  of  time  fo^^h^  weather  g 
process  to  occur  and,  therefore,  the  availab^ity  varies  with  the  natun= 
the  slag.    The  smaller  the  amount  of  silicate  in  the  slag  the  higher  the 

^1£  behavior  of  slags  in  the  soil,  therefore,  ^oe-ot  ^end  t*"^^^^^^^^ 
experimental  evidence,  to  support  any  theory  of  coUoidal   absorption   by 

plants. 
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ticularly  burn,  flavor  and  aroma,   wliich   are  \he  three   most  desirable 
qualities  of  ci^ar-leaf  tobaeeo. 

Experiments  on  tobaeeo   in   Laneaster  county,  I^Mlnsylvania    w.re 

bei^unin  ISm  on  a  eomparatively  small  seale^     In   1!)12  tlu^  work  .as 

neieased   in   seope   and   extended    to   other   tobaeeo-,)ro<lue.no.   eounties. 

Seallv  every  phase  of  tobaeeo  culture  and   band  ino-  has  been  sub- 

ee  ed  to'researeh!   ineludin^^  shelter  tent   ex,)er.ments    studies  on  .ost 

1    produrtion,    tnbaeeo    bulk    sweating-,    st.am    ster.l.zat  u.n    ol    seo,lb(Ms 

Pi  ,     r.rt  li/.r  oxprrimenls  on   sredheds,    n.t.   (.1    sr..|„i^    ^1m,.  2. 


S<HM<K    IN(  I.     OiriAINKl)   MY    Al'PI-VING    SkKDS   AT   THK    IIaTK   OK    ONK 

<)r.\(K   VvM  SOO  Sqiakk   Fkf/y 

fnmi-ation    of   seedbeds,    seed   eleanin-   and    -radin<r,   ^'^'^'^'^'r '?l^'' 
n.enis   in   sevcM-al    eounties,   plantin^r   distanees   and   topp.n^^   hei^-ht 
plants  in  the  field,  toppin<r,  suekerin-    root  rot  of  tobaeeo,  stram  t 
of  the  varieties  produced,  variety  tests,  seecl  breedin-    (1m-.  'M-      '^ 
in-  the  nicotine  content  of  tobacco,  increasm^r  the  nicotine  ^'•^"^^'^^ 
tobacco,  curino-  tobacco  with  the  use  of  artificial  heat  m  order  to  vvc^m 
pole-burn,  and   re-dryin-  the  cured  tobacco  to  P^•^^^'^^"^^^^l^^^'^^^■•\^:,,.•  ' 
tailed  d(^scrii)ti(ms  of  most  of  these  experiments  are  available  m  xa     > 
annual  reports  and  bulletins  published  by  the  Pennsylvania  A-r.cultuiai 
Experiment  Station. 

Fertilizer  Experiments  at  Ephrata 

Fertilizer  experiments  in  Lancaster  county  had  been  conducted  on 
the  same  field  for  years.     While  the  yield  and  quality  did  not  show  an. 


.      .•    .     it   WIS  felt   that   there  should   be   a    definite   rotation,    in 
aeterioration,_it   ^vas  ]^^l^^}  ;_^^^,^^^^    -^^   ^^^-^   ideality.      Hence,    a<ldi- 
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F,o. :;.  h.:kk...no  I'.oTs  at  k.m.kata.  Snow, no  thk  ^/'^'j' ':^,;;;^;^;^'^i:;:;;;:;,:;' 

PKOMis.Nc;   X.:w  Ckoss   Hktnvkkn   thk  SiAromKU   "^^^./Vo     W  Kot 
•Tkn-NSYIAama  Skkimkai."  Which    is   Kksistant    io  l^ooi    Koi 

These  results   confirm    previous   experimental    evidence;   they   show, 
bevoml  reasonable  doubt,  that  a  hi-h--rade  commercial    tert.l.zer   pays 
This    is    strikin.dy    shown     in     the    y.el.ls     for     l!);->:^.     when     a     s.     m 
(Ironoht  occurred   durin-  the   -rowin-  season.      It    is   -en.'ra    >    belu    cd 
bv  tobacco  -rowers  that   any  commercial   fertilizer  is  worse  than   useU-ss 
i;i  a  drv  season    but  the  records  tor  V,r2:\  show  that  an   increased  yield 
rangin-  from   ;")()  to  1200   ])oun(ls   ])er  acre,  was   obtained    by   the   use   ot 
foimnercial  fertilizer.     Moreover,  the  burn,  aroma,  and  flavor  were  also 
improved. 

Althou-h  fertilizer  experiments  on  ci-ar-filler  tobaeeo  have  been 
conducted  lor  a  number  of  vears  on  the  Kplinita  plots,  very  lillie  cltorl 
has  been  made  to  stmlv  the  effect  of  the  fertilizer  combinations  upon  th.' 
qualitv  of  the  leaf,  ])artlv  because  of  lack  of  funds  and  j.artly  because 
of  lack  of  interest  amon«r  ^'rowers  and  ])ackers,  so  that  practically  i" 
sole  obiect  of  these  experiments  m  the  ])ast  has  been  to  increase  t  he 
viold  ])'er  acre      Durino-  the  latter  part  of  li>24.  however,  a  debnite  de- 
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INTENTIONAL  2ND  EXPOSURE 
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'r„r  ,-r,u,.viln,„i„  Stair  roltri,r-M,nv„lti,ral  K^paimnUJiMi,,,, 


Tv.LK  1      TUK  Y,K,.n  c„.  T,>„.u-.o  .s  lNr,,r,,N.  k,,  nv  Fkkt,.,./.,:,.  Tukatmknt  an, 
^  *^'^^'^'  ^'  Season 


Yield  Dcr  aero 


I'lot 

1 
2 


Acre    ircalnii'iU 


Yoarly 
iivt'ragc 


.-()  ,,(Ki   ,.,,u;hl<    <>''    -!:iM''    niiinmv 


20.n'i<'     |)iM:!i'i- 


iMiimirr      ;("!     p 


Milnhntc    II'     !Mit;i-ii     


1        -idO        lMllilpl~ 


1.     ,^ulpli:il.'     ii:      jH.t 


20  I X i( I     ] i(  I ! I n 1 1  s 

j,|in^p!i;it.'        II'H      |.Mi!!i 

.(vh       ;i!!.l       !!i;il'!M-M       

..„  „(!(.    iM.und-    iiuiiiurr     -,(10    i.oun.ls    .■..ttnn- 
"  «,.(.,1    iiica!     :;(Hi    i.ouiiM-     suiMTphdSj.hal.'  - 
200  pouiKls   sulpluitc   of   potash    

20  000  poiiiKls  niaiuin'  •.»'<>  po. .,,.!>  >;'**"'^- 
.;oo(l  T.H'al-  :!"(>  iH.ru.N  superphosphat..-- 
4(K)  poun.is  sulpfiatc  of  potasli  and 
iiiatrin'sia     


pounds 

■mnc, 


pounds  pounds         poumls 

I  ■;•'()       ;       rr-.'T  i:,r,o 


1477 


1372 


1936 


T.taT 


■2\HM) 


\i:<(\ 


17(34 


',1(1(1 


'^(t:)--i 


\:<\: 


■>■'()<) 


nuHid  came  fro,,,  .\'^»v  m;m»{nuUm'vs  Un-  l,.-tte,-  <,„al,ty   m  ,-,p,>-|;|,l 

oh    lo     ,s  a  ,-es„lt   ..f  ,M-ono„,ie  <-l,anjros   in  tl,o  Cfra,-   ,.,<lus,->.     U,. 

Ilo'e^rTl,;  work  .as  ,„o,lifi<.a,  tl^.vfor,..  to   inohule  a  st,„ly  ot  ,1,,. 

followinji-  problems: 

1  The  ('ffcct  of  (liffcirnt  tVrtilizcr  treatnuMits  on  tlic  yich  am. 
elunmcal  composition  of  Pennsylvania  Soodlc'af  or  lima.ll.at. 
Ilil)shnian  Strain. 

2.  The  (piantity  of  inorganic  material  nMnov(Ml  by  tobam. 
from  an  aero  of  soil. 

'^  Tbo  ein-ct  of  fiebl  trcatm.'nt  on  tlie  bnrning  (piality  of  tlii> 
tobacco;  and  tbc  correlation  if  any.  between  yiebl,  bnrnnio.  .quality. 
and  cbemical  com])osition. 

4.  Tlie  effect  of  fertili/rr  treatment  on  tlie  catalasc  and  oxi- 
(bise  content  of  tol)acco. 

f).  Tbe  eifects  of  tlie  difft^rcnt  fertilizer  treatments  on  the  cnni- 
iH)sition  and  reaction  of  tlie  soil. 

(;  The  viebl  and  (pialitv  of  tobacco  followin-  corn,  as  cmi 
par.Ml  with  tcibacco  following  grass  and  tol)acco  grown  on  tlie  >aiii' 
field  continnonslw 

In  order  to  reach  these  obj<'ctives.  tlu'  i)lans  of  the  ..xperiiiKMit.i' 
work  were  changed  in  11)2.-)  so  as  to  incln-lc  f.M-tilizer  experiments  (.11.1 
:i-year  rotation  system  of  tobacco,  wheat,  and  grass;  a  4-year  rotation 
of'  tof)acco  wheat",  grass,  and  corn;  and  continnous  cropping  ol  tol)Ji>'''" 
on  the  same  field.  The  results  o])tained  over  a  :5-year  period  are  gn*'" 
in  Table  2. 
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Yield  per  acre 


Plot       Rotation 


:;  year 
;;  year 

H-year 


\  4  3-year 


i;(t,<!0<>    povuids     manure     

.^(,  o(iO        pounds        uuinure-  KK) 
^pounds     cottonseed      n.eal     'i-.O 
I     pounds        l.one        Hour     M) 
pounds   muriate   ol    i.olasli   --- 

..,,  '!<ii,         pounds         manure     :,(Mi 

I  ,  1  .    -,.,•,  ,1        -Me;,!      :;(»»> 

,|,,,,;i,|.        .Mil  t  11,1-'  '  '1         .^1'   ." 

j     p(,i,nd-^     muri;,t''    oi     pwla^h 

'   on  ,i,„)     pMiind-      iM  ;i  n  u  r  •■     '.'ki 
■,;,„,,,d^      ,.,,tto,:~,..'d      HM'al     ::o(i 
pounds          -ni-rplM.M-iiia''      '^^^ 
poniid-      nmniMv     -all      --- - 


Year 

I'.cir. 

pounds 
If)'.*:; 


•.^(iT'.t 


Year 

poun<ls 
870 


1410 


•2U)0 


2079 


A  5 


year 


•'()  iiiiii     pouiKls      m  a  n  u  r  e     "'(Mi 
-pounds        eottonseed        meal- 

;;(io 

■3 1(  t    p 

asii 


Ills         eoi  iwii.-i  <  '»         ...,.-• 
pounds     sAiperpho'^pluite  - 
pounds    sulphate    of     pot 


At, 


IM 
15  2 


I'.d 


ur» 


:;  year 

4  year 
4  year 

4  year 

I  year 
4  vear 


100 

,0 


M). (!()(»  pounds  m  a  n  u  r  o  w 
pounds  cottonseed  meal  ---i-i 
pounds     bone  flour    -.ioo  poun.l 


qilphate    of    potash 

•^0,0(10    pj)unds    manure    1 

•>[)  ()(Xt  pounds  m  a  n  n  r  0  -<3.) 
pounds  ureu  :;no  p  <>  u  n  d  s 
superphosphate  •.!<»«  pounds 
m\iriate    of    i>otash    

•M,  (Kio      i)ounds      Til  a  n  u  re-T,.') 

"l.ounds      urea     :'.<«>      p  o  u  u  .!  s 

superphosphate     -^OO         pounds 

I     sulphate    of     potash     

■>(>  (KM)     pounds     III  a  n  u  r  c  -214 
"pounds     nitrate     of     potash 
I     i:'(>    pounds     iireeipitated     hone 

-o.iKHi      pounds      m  a  n  u  r  e     ^.) 

"l.'ounds      ammonium      nitrate    • 

:;()()     i.ounds     -^uperpho^phat.'    - 

20(1    poumls     sulphate     td     pot 

a'^h  -     --     -- 


21(i»') 

i'.»:;n 
p;2() 

I'.ir.T 

IVlO 

2(^7' I 


in 


Continuous    No     fertilizer     

(Toi'piriK 

11-         Continuous  l:;«'     pound<     urea     ;;( o     pound- 

,roppint:  superphosphat-      -.miu         pounds 


1111 


iriiite    of     iiotash 


11'. 

11  I 
11  :, 


Continuous     l:;((     jiounds     urea     ;:(u     pound- 
.roppin^.'  superphosphate     •'(K.         pound- 
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C,,ntimious  1.(H'0  l>ound-   cottonseed    meal- 

(Toi.pintr  :.(«!     pounds     superphosptuCe    - 

-.MK)  pounds  sulphate  ot    pota-n 

Continuous  42S    pounds    nitrate    of    potash 

cropping  120  pounds   precipitated   hone 

Continuous  17(1    iiounds    aTiinioniuin    nitrate 

eroppiiij:  :;(i(i     i.ounds     sup-rphosphate 


l'<'t- 
]:,(Ki 

1^1 1(1 
i:.i:. 

1  .'lO.'! 
1^1  Ml 


ash 


im  pounds   sulphate   of   i^ot 


Year 

1027 

pounds 
1I4S 


1710 


Yearly 
averai^'c 

pounds 

12(17 


MV.) 


i:^..')0 
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IOCS 


-.40 


1410 

1170 
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1427. 
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1 1 :,:. 
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870 
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l-'!i(» 
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Severe    rain    storms    dan.age.l    the    crop    badly    il>'".iS     I'e   thre, 
summers  this  experiment  was  in  pro<;ress,  especially  on  the  tie  Id  j.sed  for 
ritlnuous  c^roppin,  experiment    so  tliat  the  yiel.s  reported  do  no, 
fully  indicate  the  relative  value  of  the  difterent  treatiiu  .its. 

Cooperative  Fertilizer  Experiments  in  Lancaster  County 

Tobacco  frrowers  in  Lancaster  county  retranl  stable  manui-e  as  es- 
seutial    for  the  pro.luction   of   frood   quality   tobacco   an     the   tarm,„s 
-    ems  employed  are  based  oi,  winter  st,.e,Mee:h„,'  lor  , he   produetinn 
,ra  sufficienr.upply  ol'  this  material.      Slahle   uinnup.,   I-"----""' 
.\vell-balauced  rertilizer.  as  il   conla.os  lo„  small  a   pn,,...  ,H,n  nl   ,,1,,.. 
,1  u,,s  and  p<.1ash  lo  ,n,ro.,-M,  and   i.    is  also  sus|„.,;led  .d    ,.„,.„■„„„ 
..,„,„.-•'  ,as„.  ,„  the  tnbac..,,.      Al    ll,e   rcMU-'sl    ol    ,.,;,ar  nianula,- ynvrs 
uho  ,.oinled  out  Ihe  ncecsshv  .d'  producing'  a  ,.,o,„-l,!l..r  tnl,a..,..,  nl   ,,,,1,1 
aste    experiments  ^s.n^  l,e(.M,i.  lo  determine   ,1,..   poss,  „h,y   ol    ,n,w„„ 
tobacco  of  hifjh   quality   with   a   fertilizer   lormula   ol    liiKd,.,.'rad,.  ma^ 
eri  Is    to  Leased  on  a  +-year  rotation  of  tobacco    wheat    clover,  and 

corn,  the  manure  onliiiHniv   u>fu  ui.  *i.v    .v) .^   -  i. 

preceding  tobacco. 

The  work  was  bej-'un  in  the  sprin^^  of  li>-2(;  on  thr.'e  farms  of  differ™, 
soil  tvpes  and  was  extended  in  1927  to  eifrht  farms.  Whil,.  unavorable 
^"lit^lfr  durin,  these  two  years  caused  considerab  e  <  -"^;;  j';^'  ;; -^ 
in  the  field  and  to  the  tobacco  in  the  eurinf;  she  Is.  the  lesiUts  in  }  eld 
"u  qual itv  seem  to  indicate  the  possibility  of  produeiUK'  eifrar-fillei. 
lobacco  of  high  quality  and  yield,  without  the  use  ot  stable  manure. 

The  averafre  vield  in  ]9'2(;.  on  fiehls  fertilized  with  the  sp.K^ial  tW 
mula  ithout  manure,  was  1800  pounds  per  acre  on  ^^'^  ^"^ 
with  manur...  17(!0  poun.ls.  In  li)27,  the  eorres,,oi„liiip;  yields  ^^el,  Li- 
on sad  1789  pounds,  respectively.  Similar  experiments  coiuIuChI 
on  Ivana  seed  tobacco  in  ("linfon  county  .lurinfr  192;  show  an  aveniu-,. 
vhd  0  WaO  pounds  per  acre  where  this  fertilizer  fonmila  was  use  . 
as  cmipared  with  1115  pounds  per  a,-r..  where  manuiT  alone  was  useil. 

The  api.roximate  cost  of  this  fertilizer  was  $70  per  ton,  or  *:(.-.  p('r 
acre  while  the  cost  of  ir.  tons  of  manure-the  usual  aiiplication-ua^ 
a  ,proximatelv  ¥^M.  This  frain  in  yiel.l  at  less  cost  was  acconipanu.l 
l.y  a  distinct  "improvement  in  ipiality  ol  the  tobacco. 

Tli(.  formula  which  was  ns,.d,  (I-VIO.  may  be  <,btaine,l  by  "-i|'S  «» 
pounds  cottonseed  meal.  l:t()  ,M,un<ls  nitrate  ol  soda,  140  pounds  pn- 
cipitated  bone,  and  l-V)  pounds  earbmiale  of  iiotash  per  acre. 

BreedinR  and  Strain  Tests 

Tobacco  breedintr  and  strain  tests  have  been  coiiduct,.d  for  a  nm.e 
ber  of  years  in  Pennsylvania  for  the  inirpos,.  <,1  miprovinjr  the  pli  mc  | 
characteristics  of  two  type's,  naimdy.  Seed  or  I  roadd,.at  a  id  H.i^M. 
Seed  (FiR  4).  Seedleaf  tobacco  is  used  mainly  lor  cifrar  bih'rs.  KA^i^ 
manufacturers  now  ilemand  not  only  toba.'co  cd'  better  (piality  as  rcj-'ar, , 
flavor,  aroma,  and  burn,  but  also  with  a  narrowiM-  leal  than  is  ,u-o,1ulcu 


^resent,  so  that  the  tobacco  may  be  stripped  by  mach  nes  witho 
'^Tmiterial      Havana   Seed,   which    is   used   principally     or   ci-ai 
L"*  ";noses    nroduees  a  leaf  which  is  too  narrow;  tlu'  trade  .lesires 


at 

loss   --  , 

binder  purposes,  prod 


Nkw     N.VKKOW'     IllUSlIMAS 


a  ,vi.ler  and  somewhat  shorter  leaf,  for  economy  in  ^ ^:;X^::'^^^^; 
while  the  main  ob.i..ct  of  the  grower  ,s  to  produce  a  "^  -,''''';;;,'''  ,^,'- 
111  order  to  meet  these  somewhat  conHicting  ]T^^7^\^t^^  lock 
and  seeddireeding  have  been  conducte.l  on  ''<'t^*'''' ,?'^1^, ';,,;'.',,';", ■ 
Haven  plots.  With  the  ai,l  of  the  Extension  Service  ot  riie  i  ^^^^ 
State  College  and  the  tobacco  growers'  associations  lU  the  \''>'"^;^  "» 
b    Iprodircing  counties,  the  most  desirable  strains    lave  I-;;-  ^  ,. 

tribnted  amoiuT  the  growers.     In  l'.l2.-i  to  ll2j.  U  stra    s  ■      " 

an,l  11)  strains  of  Havana   Seed  were  studied    '-l«"''"l'^         "/^?';i  ,s 
habi,  of  growth,  resistance  to  disease.  sba|)e  ot  Icat.  am    -V  ■'•"''  i'^, 
24  strains,   10   were   originate  I   on   the    Kxperiment  ,^'"'   "  , ,'' '!,^.    , 
«.,.,ls  or  fourteen  w,.re  eolh-eted  .ni  various  larms  ,n  Lai.eastei.  (  1  n t .  i 
and  Tioga  counti.s.  or  sccuivd  from  Wiscuism.  (  (.m..>c  iciit.  and   .\.  w 
York.    The  results  (d'  these  experiments  are  given  m   lalile  -i. 

The  Use  of  Mulching  Paper 

Duriiur  19->:i  and  1924.  tests  w.Tc  made  at  Kphrata  to  d.^tiM-iuiu,' 
wbether  mr,lching  paper  impregnated  with  asphalt  is  of  value  lU  tobacco 
oulture.  Two  plots  of  six  rows  ea.di  w.^r.^  used.  Dnvctly  alter  trans- 
planting, thr -ows  of  each  plot  were  coveivd  with  the  paper,  the  otiier 
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r..^   ^TKAiN    Tksts    Involving    KeststancH':   to  Disease. 


strain!^ 
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Til 
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^'"""'^      rr.-,f -I   ConnoVtirut      .-- 

'  "  Schooneck.     IM. 
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i;phrata     I'l^ts 
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•i\ . 
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lii^;li 
T  ()\v 


Shaix'  of 
loaf 


Very  liroad   

Very  narrow   .- 
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Connecticut 
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Wisconsin 
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7  on- 
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Fair 
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Fair 

Hitrli 

Hi^di 


LrcM.l 
T.rcnd 

I-';iirlv    < 

p!i,;id 

Uroad 
Rather 


narrow 


Narrow 

Narrow 

Narrow 

Narrow 

P.road 

Proail 

Proaii 

Narrow 

Proad 

.'  Proad 


I)ounds 
IC.IXt 
ItitK) 
17(10 
17(H) 
17  .'id 
17:>(t 

17. "id 

1  -(Id 

1  -i  K) 

r,  1.7(1 


1  i.'id 

TJ-J.'i 
I'i.'id 

1-Nd 

V^dd 
l.'.dO 
i:i.'.o 
140() 
l.")00 


Fi(, 


,-,.       liKKKmN.     P..OIS     V,-     l.a.K     HAVKS.    SMmv.N.     A     NKW     ..,SKASK-KKS,ST..Nr 
SlKAlN    OP    rKNNSYLVA.NL\    IIaVANA    M  KD 


Hullvtin   2','K   h'r-^'ilf-^   of   Toham,   l-.vpvnwons^ 


11 


the 


thre 
culf 


;,!a  th..  soil  t..nM>on.t...v  ^vns  oi.s.. .  ...1  1  ''!,;;;;;,„;„:  ,,„,  ,■„,,, 


rapid  'i 
than 


,,  "  oivt'P  in  Table  4. 


Taiu.l  1.     l>i   '>" 


,.rtili/-r    ir.-ii'iipii! 


M(i.(  II  Tai'I  k  o 


\    Toi;  \<  I  O 


YicM-"  I"  r  ;!i.r. 


Uncovered  rows 


«    .i\.Ti 


I  .  I  U  S 


I  T..n  ton^  niainirc   per   a.Te 

.J.,,,,  xov<   manure     .rA>    p..un.i> 
',„tt(.iisee.l   meal     :'.(•<>    i.oun.is 
.uiMTphosphate    -00    P(.vu..is 
Milphiite  of   potasli,    per   acre 


1470 

171(1 


17-.'. 


2100 


,hina,.d  silky,  th.-s..  ,.x,,r,.„..<...ts  ..^ru^        V,,     T  .,'.•, ,st  ..C  (!..■  ,.np...., 

which  is  i.lKu.t  it^lOO  m.  a...-c.   .s  \n-<^y<M}    too  I...1. 
pmluftioi.  of  ciiriii.-till...-  tol>a..i..>. 

Reducing  the  Nicotine  Content  of  Ci«ar-leaf  Tobacco 

„  is.  p,.o.,aMy.  11.,.  .•ln..f  ....us,.  ''^<■'■;■'-''  l' 'f     ''^   ,   ,,"  '  ,;         ohacco 

.hollvor   i.,    pa.-t.   by   .•l.,..,n,.al    ^""l  ,!'''>  ^    ■'''.''"':,'",•,,;   n^vo,-   a„.l 

,„.„.m,..s  alt,-„n.ts  l.avo  1 .'••'V''"''-^ ''"' T  1        v  .'..  t  .,■    nil-    si   feat- 

aro,.,a  ,.f  tl...  loba...,,  a...  i..va...al.l.v   „„.,.■.■.    '^  -^_^    '.',;,„„„,,„^   ,„ 

S.ta^l;;;r!rt;!s.'^;:::iv:d:^::.ln,,.^.^ 

h^ysi,.,„a.i,.  i,....,.,n,.  a... ^;,,:  :;.,-:-;i::.;';.,::;;,nr:';^i,::;,  ^a,.- 

vidnal  i)lants  IS  ('()nsi(l('i<n)i(  .     '         '  ,,         ;  ,.i ;,,..  ,-<.»it.Mit 

,„„  l,,',,„„,.„ll.'l.  hav,.  a  „.a,.k..,l  rlT,..!   ..po..  Uh-  ....-oln...  co„1,„t. 

Tl.,.  ,.iu,.r  p..,.bi,..,.  a.  p..,.s,..,t  isio  i..,-,.,.as,.  .1...  •-;■'',;  i;';;;;';.;';;;;:,,',':;; 

slrai.,.  ol-  low   .,i,.,.ti,.,.   c.,...t,...t    xv1.h;I.   Lav.   l-,...   ^'•;- "      .,'     '    ,,   , /,  , 
v,.ars  „r  l,....,.,li..^',  a,.,l  a1  1l...  sa„„.  U...-.  l.^l'l  ,1,;",,  ih,.  "        'i'    '  ,    s 

Th<- .H..n.,.st  •ii,i,r,.ac-l.  1,.  a  troo,l  yi,.M  l"...  a,-.-.,  has  I,,...,.  t>p..  <i.  a  ,i,is. 

r.;;;'  vx;;r'.',,i;',.;,  n.,.  ,;i..oii,„. ......u..,.  o,-  wh,,.,,  --'--.-  ^-,  ;-■ 

.sO.Ts   p..,.  ,M.nt.  a...l    l',...,.sylva,..a    S,.,.,ll..al.   Sla..L'hl....   S1,,,„.   «ln 
h,„|   I,,.,,,,    ,„vvio.,sly    l.,...,l    lo    as    low    as    1    y^v    rru^    <il     i"""'".,..       1  h. 


It 


I 
I 
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'The  Pr,n,.s,i1nn,ia  Htafe  CollcffC-Aoricultural  E^pcrimentjtatio^i 


nicotine  content  of  tliis  cross  has  averagred  about  VA  per  cent,  and  th. 
leaf  yield  per  acre  has  averaged  1j:)00  pounds. 

The  Production  of  Tobacco  of  High  Nicotine  Content 

The   experiments   in  -rowin-  tobacco   of   high  nicotine   content  at 


F.O.    (;.       KHKKniN.    IM.OTS    AT    LOCK     HAVKN,    SUOWINC.    HlOH-N  K  (,TI  XK    STHAINS 


Lock  Haven  durino-  1!)24  and  1!)25 ;  the  results  follou 


of   ni'I.tinVfor   insn.t    .■.n.n.l.      S.:..,..,    Vol.    n...    No.    !...>...   p.    ...... 

■     .-   n      ;i  ^      I.-      I       I'l-''.       Stu'li('>;    on    NicotiiiiHt    ru^tuii 


/jM/k'//M  2'/^^   7^c«1l/^^  0/  Tof></c^^>   f>/>r//mr„/.s 


13 


-^T'^l^iT^K,,,.    AN..    N.<— ^   CS-TKNT    OK    NkOT.N.V     UrsTK.V    T<,„.UXO    .vs 
T*""-  ''•  '   INFLVKN.KI.  ..V    KKKTILIZKU  TUKATMKNT  ANI.  SKASON 


Acre    trcatiii''iit 


Yield  Nicotine 

loaf  ami  stalk  contoiit 


)()un(ls 


IKT  COIlt 


A('r<'    irt'ntiiiciit 


Yield  Nicotino 

leaf  and  stalk  contont 


1924" 


.1(1(1       jKllltl' 


siilplnilc    of    aniiiiniii 


a     4(10     l>oun>l<     -ui-  :  pln.-i-iiai'' 


j(Ki    [iiiiiiiils    kaiiiit 

, „,„,., Is    iiianur..    -alt     


I   .     t  ,,  tiL  ■!  IT         I'll'     111  !l  nil  I-     !1M  i  !1 
r,(KI    nilUIliI-    t  allK.I!-  I         II 

'  phosphatr     KKi    pounds     kamit     --- 

600   pounds    suU.hat..    of    annnonia 
400   pounds    kamit    --^     -       -     -- 

..,,t*,,„c-,.,.,l      II. .'id     •.'()()     ponni 
manure    salt     


(H,      piMiinN      -.,);i.  n.li'-pl'ali'     ■'"" 

I, .,,,    ,,.   .,„ia     Hid  piiiinds  super- 


lOO    pounds     siipiTplio-piiate    - 
Is     laiikacc     -JdP     pouiuh 


No    fertilizer 


p.»■.^'. 


..;,.       mil     nminiN     superphosphate  —  I 
400   pounds    sulphate    ot     an.nioiua     lOO    pounu.         l      \         ^ 

400   pounds    kainit 

m   pounds    sulphate    of     annn<..na     mo    pounds    super,d,osphate-- 
400    pounds    kainit     

f           1        iin      iwumiU      <iiiicrpho-^phate     too 
40O    pounds     nitrate      of      soda      K-O      poumls      .upn  


pounds    kainit 

m    pounds     nitrate     of     soda     4.0     p<.unds     sup-rpho^phate     ,u. 


pounds 
3130 

307.') 

::(H  0 

I'.'oo 

:"',<^.'.n 
•ii.'.u 

:;Tin 
:i.-)TO 


per  cent 

4.td 
3. 70 

.').().') 

1.  17 

4.-'> 
l.Cd 

(;.:;■> 

,-..01 


5.03 


pounds    kainit 


1 

follow 


nn^  talili.  sl.i.ws  tlii'  fi'lativo  yu'lils  of  li'Mt  ami  stalk  p.,   am  . 


St  ra:n 


':a"i'1.      rustiea,    Kussian     

r..      rustiea.     l-'.nLdi'^h 

1.     Cross  lietwi'en   :'.t7.".'J  and  .'. 


1. eaves 
pounds 


•2.'.!''0 
1  ..-.00 
•>   sOO 


stalks 
pounds 


IT.'.o 
10(M> 
1.-.<K) 


'i'ota) 
pounds 


4()(H) 
•jritx) 
4;  II  to 


nic 

<'rosses  were  ni 


ade  froni  the^most  ])romisin<r  strains  for  further  work. 


chIx 
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77/r  Pcnjisifh 


ania  State  Mlcgc-^AiP^^cuU^ 

Tobacco  Curing  Experiments 


iment  Station 


nuWlh,   :!)0.   /.■'••<"".•'  "/  Vo'M-cv,  j;.ii,r,n„<n,.-: 


ir. 


•       „f  tnlcu'co  is    as  a  rule,  somewhat  iiopU'etcl  amoni; 

Proper  euniig  ot  tobacco  '^-  ^^  '         j^     ^  considerable  importance 

Pennsylvania  tobacco  growers    though  it    so  ^^^^^.       ^^.^^ 

in  successful  tobacco  P'-oduction.  J  P';*^„'.,,,,„,.,,aen  leaf  to  a  l)row„ 
the  tobacco  changes  rom  -/g^"^;  ;Jf  f  ;lpUcated,  perilous,  and  Ihtle 
and  elastic  one  within  ft  to  *»  wee  instructed  so  as  to  prevent 

understood.  The  *'»""«  «'V^,t.veif>^>''  pole-burn  and  other  ,liseases 
losses  which  occur  "  ■"-^-.^^^^^^  'X,  uently   haymows,   con,..-,,.. 

^'"'"■'^"'"'  "";  \''  "7;;,.  lacl^'  n,  vmilation  facilities,  a,v  us,.,!  U 
iiiid   wairon  slieds,  eiiliiel%    lachin^ 

"''''""■'""'■   >        ,  ,.„„wnnira  lo,,-  lime  tliat   artifu-ial  beat   >n  th. 

Wbilc  It  lias  b.M.i.  '^''''"/\'''V  '  tw  and  the  lik,",  and  reduce  tl,. 
curing  shed  wdl  l'---'.  I'"'' ;•,:,''  ,,'1  „>  l'..nnsylvan,a  unfi 
length  of  ,he  •-■•'■"^y-  ';;  ,,  1,  s  value.  Th..,.  ..xperiimmls  hav. 
the  experiments  at  t^I'iM*''  1''  !^  '^  ^    j     ^  comparison  of  saianian.lers 

!;:,:^.r:r:;Lr;o:i!  rS;aS-c;:;i  ..1...  su^  as  is  .ed  m ,.. 

;;uthern  tobacco  districts,  and  a  pipclcss  fui uacx . 

The  salamanders,  which  are  eylindric.!  in^^iape.  are  m^e,  of^iron. 
They  are  open  at  the  t^I'  a^^  have  a  grate  n  the  loe^r^.^^  ^^^^^^^  ^^^^^^^^^^ 
satisfactory,  the  cl^arcoal  fuel  is  ratler  cos   J  >  ^^^^^^^^  ^^^^^.^^^ 

ing  fuel  imparts  a  smoky  taste  to    he  tooac  ^^^^^^  ^.^^^ 

directly  above  the  heaters  is,  as  a  ">'<-•  '\"^  ''';'„!',     ,,,nstant   attention 
several  salamanders  are  required  tor  a  largt    sn((i, 

is  necessary.  ,      „^,,„  • 

The  tobacco-curing  furnace  --  P'aeod  'u  the  -  Jlu^^^^^^^^^^^^^ 

nu.nt  barn,  and  fired  from  the  outside     ^m^ues  «t'  i,,^^^^^.^^^_  ^ 

rioor  in  the  center  to  the  opposite  wall,  returniiif,  to  tne  i 

the  walls  ou  both  sides. 

The  heat  generated  from  the  central  ^^^  }^''^^;:^l ;;:::' JZ^,: 

-^ab^':;^S^^tl^^:^.Xu::oSxi.!^h^iA.ioors. 

Th.".  pipeless  furnace  was  pla..!  >•>  ,;|:-:[-r-,:;;;r '  .^^''th: 
locate,!  in  the  cellar  under  the  barn  '"  .'-  ,,i„„,  „,„.  of  which  is 
floor  in  the  barn,  which  is  partitioned  into  t^^o  s  Uk  i 
nnheated  and  used  for  normal  air-euring.  ..'''''^J™  •,[',,.,,,;  down 
the  corners  of  the  heated  section  \"  ^'c  u  nac  .r  o  a 
the  cold,  moisture-laden  air.  The  heat,  g  '^  r-  ,  "'  .,  ,,„  ,,an.'er 
after  the  barn  is  filled  with  tobacco  and  ^''"'''"'' ',."',,'  j,;  davs. 
;;rpole  burn  is  past,  which  requires  ->  "^^f  ,.P  ^'i  "V.  rcnliVit 
The  temperature  of  the  heated  section  is  kept        m  l'        ;'      ,     ,.  ■^^^,,. 

above  tba,   ou   the  ""*-;«;■  ;-',;^  ^  venti- 

;'r,;T,;ri:p''and  IX^!  -0  '•i.'-i  ^"-n^'  "^"  "•■"^-'  '"-'"• '' 

iM'])t  for  an  occasional  "airiiip:. 

Tl,.„.,.  has  been   no  damage   from   pole   ';->-;";••;:''";';;,;';;:. 
since  the  installation  of  the  pipeless  lurnacc  five  >ea.s  ago.  ulnl, 


-,„,,  the  tobacco  cures  '>'-•''•';'."    "  '.,       r,,,„,      i   ,,|css    furna.-c,    on,.' 
•/curing   takes    *■-'';''  ;'':i,^\,,-   Uiring  .lie  stripping  operations 
installed,  may  be  used  to    .    '^ '   '  ,         , -j^,  ,„st  in  a  f.'W  years,  d 

Vith  the  use  of  a  '•'"■'"'  .'',;!.,,  I'"  .  ^^.p.'r  curing.  While  it  ''-y 
weather  conditions  «  "^'  "  ''  '.i,  ,  ;^  ..ne'itli  the  sIhmI.  th,.  m.o,  erii 
be  used  only  when  there  ^  /  '  satisfactory  in  barns  that  lack 
Tcaters,  "ItlHuigh  sma   er,  shoi  1         -^^      t^         _^^,:,,,,,,  ,,,      „„,    arti- 

.-'•ll'i'-s.     IIow,.ve  ,  .t     ;       "     '        '.,,„„,„„,,,„  cost    ,luring  crdieal   tnn,-s 

ill  ,||,.  cnrinu   si'ason    will    \>t<  \' 

liiini.  .  , 

Tobacco  Swoatins  Experiments 

nicoTiiic  pu'ftcni  a^.u  i-    -'-      .        ,     '  titucnts  of  the  leat  arc  c'oiiMtit-iai^u  , 
loss  and  chang,;so    the  cienic«-J^^^^^^^^^^  ^,^  ,,  „,.„„,„nc,.  ,1.- 

but  the  process  na^  nor  o(  i  n  mv^^i  o 
mands. 


,1,,,,,,,    ,.,„..„,    ..:,^.,  .•-,<.,,  ,x    r.sKs    ,.„„    ..-KUMKX^nox    ou 

S,.v,.rd   m,.tbo,ls  ,>f  sw,.ating  toba,vo  a.v   in   us,.,  but   th,.  one   most 
,..n,.ndh     'raeti,'.,!  in   l',.nnsylvania  is  that   Known  as  ■•natural  sw,.at. 
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ISullctin  _";W,  KcsuU.1  of  Tolmai,   ErinrinK  ,!)■■< 
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This  is  accomplished  by  packing  from  300  to  400  pounds  ot  tobacco, 
nronerly  graded,  into  ^vooden  boxes  or  cases  vvh.ch  are  fairly  tight  on 
The  sides  but  ha;e  one-half  inch  spaces  between  the  end  boards.  (P>g.  ,). 
The  ins  de  of  the  cases,  except  the  ends,  are  covered  w.th  heavy  paper. 
The  "hands"  of  tobacco  are  packed  with  the  tips  meeting  and  over- 
lapping  in  the  center  and  with  the  butts  toward  the  ends,  leavm,-  a 
IV,  intdi  space  between  the  butts  and  the  end  boards  ot  the  case.  When 
„r;Se:rhas  been  pressed  down  and  the  lid  ^^  ^^X'^Tl^ 
stored  in  uiihcate.l  warehouses,  being  stacke.l  1  om  .  to  -0  I  ig h  l,j 
mens    .•  trnveling  enuM.s  or  block   and   taekb..      Here  1liey   an.  b.ft  ,„,. 

;iis;url.e,l  until  the  following  tall,  when  ,be  fbaee,,  ,s  ., ,b.l 

•n,,.    nac-kin-   „n,.rati<H,s   are   usually   eo,Hlurt,Ml    during    lair    vv,,,,,,- 

.,,,,1  ,.;,rlv  sprint',  and  llu'  tuba.-™  rre.,u,.ntly  is  not   in   pro,...,-  .•ou.li.mn 

■     .       ,!  'w'atin:.-   pnKvss.   having  be.Mi   pa,-k.d    m    bales   by   tb.   gruu,.,- 

,1  s  .ire,l  in  the  barns  and  stripping  rooms  i.mler  wuiely  varying  ,.,„,- 

ions  of  moi.st lire.     There  is  no  doubt  that  development  oi   black  nit 

1^     and      oulds  is  caused  by  excessive  moisture  m  the  tobacco,  an 

it  is  very  difHcult  to  determine  tne  uec.-t,f„u.v  nn.out..  ...  

for  a  good  sweat. 

T)nrin<'   li)2r,  ami   li)26,   experiments   were   conducted   at    Kpjirata 
to  secu  e    Uita  on  the  time  required  to  start  sweating  a  ter  the  tobacco 
s  pa        1    n  case   ;  and  whether  the  heating  of  the  sweating  room  to  9 
F-hrenl  eit  or  over  would  hasten  the  sweating  process,  thus  tending  t 
red  1      or  el  miiiate  the  danger  of  black  rot  and  kindred  disease^  win  h 
ca  ise  an  annual  loss  amounting  to  many  thousands  ot   dollais      Ihc 

dX obtained  indicate  the  entire  Y^'^'^'^'^f:? on  ■'^^X^^'^:^ 
..oviTnont-illv  but  the  work  should  be  re})eate(l  on  a  much  lar^^c  r  seaie 
rC"  liiblelith  the  experimental  crops  before  reliable  conclusions 
mav  lie  drawn. 

The  T)"4  and  1925,  experimental  tobacco  crops  were  used  tor  t  us 
,.xi,crime,it      Tl  e   bales   were   opened   ami   the   tobacco   packed   in  the 
earrteen.  February  18  and  February  20.     Lacking  a  heavy  press. 
It  was    m,.ossble  to  coiiipress  the  tobacco  in  the  eases  sutbcient  y  to  i  ■ 
sure  iH-ner  sweating.     IWfore  packing.  12  leavi's  were  picked  troiii  tl 
1  ^a  s    1  eil  to'ach  case.     Kach  leaf  was  weighed  for  a  .leterminatioi 
o    th,    ■  V  ral     1    is tiir,-  eont.Mit  of  each  case.     The  work  was  eonducte 
in  llitf'rent  eoiiipartnients  ot  the  barn,  as  indicatcl  below,  m  order  to 
Hiid  out  the  effects  of  difi'erent  temperatures  on  tins  process : 

\  -The  part  of  the  stripping  cellar  partitioned  off  next  to  the  iun.aee, 
with  five  cases  placed  on  a  idatform  near  the  ceiling. 

H  —Same,  with  four  eases  on  the  floor. 

C.-Another  part  of  the  stripping  room,  heat,.!  slightly  by  tli,'  furnace. 

0.— The  Moor  above  llie  stripping  room,  without  any  heat. 

The  beating  was  begun  February  21   and  c.,iitii,,ie,l  until   Aj-rjl  b 

For  the  first   few   davs,  <.r   until   the   tobac'co  began    to   sweat     t  n    h.at 

w  s  maintain,.d  iiigld  and  ,lay  •,  later  the  furnace  -'«  ;;:<;';:;  ^^'g; 

The  tobacco  in  A   b.gau  to  sw,.at   four  <lays  after  the  heat  «as  a!.|.lica 


Z^B  it  took  10  days;  in  V,  10  days,  and  in  1),  L'.  days.  With  proper 
Lcibties  i"  should  be  possible  to  heat  tli.^  toba,...  so  that  it  woubl  start 
(0  sweat  in  a  day  or  two. 


')■  \ni  I    r,       TnnAtiii   Swi  \il.\u   llMiH 


i  M  i .  N  1  .^ 


,,,    ,       Tlu.   roofi,    ...n,p.ra.wn.   rnn,..i    fnm    To   to    .0:^      Faltr.,    .itl nv^ra..   of   Ml'    .-r    ,1.. 

J-<-'^  '^-      -"  20    (lays    ol    lifciluik'. 


Ciisr 
No. 


Size 
iiiclics 


\VciM:lit  Moisture 

l)()iiii(ls  per  cfiii 


Condition   of   tobiicco   aftiT  sucatin^': 


7 

8 
9 

10 

11 

12 

ir, 

14 

1.- 


22 
Cot    1'.. 
28 
24 
24 

2t; 

Cot    C. 

2r, 
2*> 
If, 
Cot   T). 


2'. '2 

;;is 

221 
1-10 


21 ''.<■'•"> 
27. '.»^ 
24.f'>2 

2:  CSS. 


i^oiind.      Well   sweated.      Thin    to    heavy    Cody. 
Sli^dit    Chiek    rot.      Well    sweated.      Thin. 
Sound.      Well    sweated.      MimMiuh    heavy    Cody 
Sound.      Sliuht    sweat.      Flimsy. 
Sound.      No   sweat.      Flimsy    Cody. 
The  room   CMrperalnre  ran.MMl    from   .V.  to  SO  .   with  an   avera^'e  of  .;.V  . 
,  '.m  27.22  Slirht     Clack    rot.      Slitrht    sweat.      Thin    Cody. 

I  o.,s  ti,;.:,;  Sound.      Sli^dit    sweat.      .Medium    heavy    Cody, 

r;,,;  .j.-i.Tm  S.mnd.     Very   slight   sweat.      Flimsy    Cody. 

I(j7         1         2.-..S;.  Sound.      Very    sli^'ht    sweat.       Flimsy    C<.dy. 

The  room   temperature  ranj-M'd    from 

:;(m; 

2tis 

or,s  2:..(i.-.  Sound.      Sliuhtly    sweated.      IC-avy    Cody. 

The   roon.   temp.Tat ure  ran^-ed    fron.   :;0  to  tiC.   with   an    averan'   of  4^'. 
217  •j:..!-7  Sotin.l.      No   sweat.      Very    heavy    hody. 

2t;.4;t  Sound.      No    .-weat.      Heavy    Cody. 


:;:,  to  s(i  .   with  an    average  of  <'.n 
o;  , ,:;  i.;,,liy   damat-'ed   Cy   Cla<k   rot.      Heavy   Cody. 

"t;  ,v»,  15adly    moulded.      Tliin    Cody. 


2G4 


Chemical  Investigations  Relative  to  the  Burning  Qualities 

The  burn,  flavor  and  aroma  of  cM-ar-h.af  tobaeeo  constitute  its 
threo  most  dcsirabh'  (jualities.  Of  thes.c  burn  is  probably  tli.^  most  im- 
portant For  tliis  reas(m,  considi^rablo  (MH])hasis  was  placed  on  tlie 
study  of  some  of  the  factors  wbich  were  tbon<rbt  to  mtluemv  tins  par- 
ticular (juality  directly  or  indirectly. 


m 


I 
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.-,   </o/r  ro//<'^/r—  lv/-'c»/M//-a/  Experiment  StatUm 


F„ll,nvin.v  tlie  .■omplotion  of  fli.'  curinsr  process  for  tli..  years  li)i5, 
i.  ollo\\  n<^  1      „f  i,>.,v..-<  were  taUi'u    ri)iii  a  rcpresfiitiitue  num- 

be,-  of  plants,  ;vl..el  a  '_"  ^1^  ;.„„•,.  ,,,,,,.„uintj  in  th..  laboratory, 
samples  ^vere  '''''f  3'  '/  ^.^^  lu-  .,-oun,l.  Th..  san>ples  were  plae.-.l 
!!;  aiS't  "'."tainers  and  reserved  for  elu.nueal  analys.s. 

1  f  ....m]v<,.^  wore  run  on  both  tlic  1!)12'')  and   V.)2G  crops, 

:;::v-i::;::;;;j::;::i:' :r :';.:!:.";.:';;::. , ;,, • ,-.: 

JShAso-N   A.NU  Fi:imi  1/KK  'l'KI..Vr.Mi M  


I'ercnita^M'     Composition 


Cruilc  !i<li 


K.r» 


i'iXO 


.mk<  > 


CI 


Plot 
No. 


1lf. 


VX'fi 


1 '  ri.") 


ll'2t'> 


i:i-27 


v.>i:> 


r.fii") 


i!i2r) 


10-2C. 


1(>2.J 


102fi 


A  1 
A  2 
.\  :; 
A  4 
A  :> 
I'.  2 

b;] 

B4 

B."> 


2: '..'•'.' 
24.  OS 


2:;.t;»      1  •'•'■! 
iH.o:;      i.w> 


2;!.  10 

22 .  ^0 

!.;«•. 

24.1.". 

2;;.:m 

1.05 

22. 7S 

21  -OS 

1 .(-.:.    ' 

24.4r> 
2:;.:;4 


22.-54 


\.'X'> 


•':;..".o       20.70       2.o:'. 


2 .  r..') 

4.f.;5 

7..;o 

(i.44 

1.24 

0.7.". 

0.19 

0.24 

2.1;; 

•:,.^:i 

7.SS 

(;.;iO 

1.2.-. 

0.04 

1.12 

0.04 

2.;;:! 

4.22 

7.04 

G.70 

1.1.'. 

1.00 

O.'.l.-J 

O.'.C) 

2-00 

4.  so 

7.0:; 

r. .  ,'.r, 

1.21 

0.S2 

O    0() 

i.'.r) 

2-:iS 

4.1.'. 

7 .  .'>S 

r..2!i 

l.:V2 

O.SO 

0.17 

0.17 

2.04 

4.1.'. 

7.  OS 

o.s:! 

1.10 

LO*.) 

1.20 

i.o: 

:',.:!7 

4.40 

7.:u) 

0 . 7.'. 

1  .OS 

o.ss 

0.22 

0.1!i 

2.i;! 

:',.^o 

-  .<?, 

0.70 

i.:'>i 

o.!tr. 

O.l'.l 

0.21 

2.10 

4.04 

7.17 

0.7s 

1.14 

1.40 

0.2-'. 

0,21 

Tahl,.  7  slunvs  that  the  po  ash  eonte,.,  ol   '  !    -,     '  ^   ''  „, 

^vl,ile  the  lio.e  ,.ontent  was  relatively  ^"^^\,  ^^"^^'^  '^J^,,,,  i„  the 
i„,|i,.ate,l  a  lin.e  e.mtent  exeee,l,n..r  two  '"''•/r'  ,,„^,.[  '  „  „  ! '  „.se  .-eu. 
soil  of  soluble  li.ne  eo,n|.onn,ls  ^vlneh  ^' ">'''V  ' V  ■,  '  o  aeeo  .,,.1 
,,i,io„s,  leads  to  the  unavadalnhty  ol  l''\', ''" , '^  \^  „,f ,{  ,,'  ,  p„,„.h 
sinnlar  ,,lants  are  eoneerned.  Table  '  ''^''^ '^  ^  -^  I  ::',  , -o,,  win!.' 
,,„„,,„  of  the  V.rH;  sa.nples  ^vas  frreater  than  ''''^  '      ,1  :  rval L.s  l.'.l 

the  lin.e  eont<-nt   was  sou.ewhat    th,'   reverse,      \\eatle.      '       ^  ,„,„, 

,,„,is  dilTerenee  b,.in,   attribute.l   to  tbe    h-'''  "'^      I  ,'.'.,.   d.n 
p.„„uls  from  the  soil.  eon,d,.d  w,th  the  uu-n.ased  ',",,„.  ,|,o 
sbonld   vesnlt    from   the   moister.   eondilions   thai    piesad,,!    duinu 
"realer  l>art  of  the  l!)"Jt)  sc-ason, 

"  .,.,„.v, n, ,: , N......  K. s,,  ,.n., ..; on...  :,-,,,,:,,■  V'''vi::re(;v'i;:i"::'''v'' " 

tl.P    lr:,f    iui.i    tti.'ir    rHution    t<»    Hh'    huvumi-    .,ii:.lnu.^    ..,     u.i.,. 
No.   2.    !>.    l~^-'>- 


Hl<ll<'fni   M".    Ifrxiill^  "I  T„ha,-m   lUp'Jiil,inil-< 
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T,    i-.l.lv  oo  Other  sinde  factor  contributes  more  toward  desirable 

^^  lites   o       obu;o   than    the    potash    c.,nt..nt.      A    ^-n-af   deal 

,„,.,„ng  qu.  1  t;  s   o         ''.'-o;.^^  ^^^  .^^^_  1^^^  .^  present  witinn  the 

dopomis,  ho^  ev  r,  «n  „„,„>,,„,, pies  were  analyzed  for  sulphur,  on  the 
'''''"'.tk"■^  Id  n-r;,,  n  ti:^  .if  sulphur  nu.y  in.licate  the  possd.ddy 
..sumptun    ha    I,  ,,„„|,i„„i  ,vith  sulphur,  formin-    he  sullal,.. 

1^1""     1 -se    s  '  ed    1  o^^vver,  that  the  samples  of  the  192.)  crop  eon- 

"^'^^  T:;  m     im  <^^    -W  ^""1  a  n.axin.un,  <,f  l.^l  pcr  ..ent  of  s„  phur 

'"""    ,  ■     ,1  ti.ins  of  sulfate  of  potasi,  .lid   ...it  materially   n- 

'"''"'';,:'';l  I    :         l".!    Inn-    -ver    tllose    , .vin.    n.,    s.dfate    a.  - 

;,'„,|,„„r,ly  nfehlon .nlainn,^'  inalenals  u^-d, 

nl,.,.,-v,l,.,H.   have   indiraled    thai    the    rave.ral.le   iuiluenee   of   pnla--h 

,  !   ,       ,'    ,ua!,.„.s„n..l. ,sol„an,ed    wl,..,    m.MsuraMe  ,|nan- 

'"'  s    -tneut  are  „,  eoinl.nia,  ,o„  willi  el  her  ...luble  nn_'a,nr  ae„  Is, 

!:±,..;.:i;!^,i,i:.','i';,i...»a,v« ....„.,...,■..,..,,..,,  ^..r 

"■'^ """;'"","  lurin'  "llu    c   nn."    ;.     IV        ntati.n.  of  the' tobacc,  an.l 

!!;,l,inati.,n.  and  t..  the  H-i..n  e.m....ntratmn  ol  the  sampl-.s. 

The  r..sults  an.  {riven  in  Table  S.  th..  alkalinity  beinf.  •■^^P'''^;^;;''  ";; 
,,,,  , ',„;,ber  ' 'f  cc,  of  NIUSO.,  n-.p^iml  f..r  the  neutrah.at,ou  ot  th..  ash 

of  100  oraius  ot*  the  sample  used: 

T.U...K  s^  .^^.<..u^,Tv ...  -;■-,;'• -;^;^;^.,'^•-•^^^,;;::v^.^s^;,v::^,.f ' '''^''" 
*■''''^;,'ltK,:n:^:T.;,..-;^.^HnJ,'Mv^ «..,...,.,  .sm,,,,,.,.,, 

MV   Si;.\S()N    AND   FKUril.IZF.R  Tkh.\tmf.nt ^ 


Soliil-li' 


Alkaliiiit.v    (.1    ash 


lllSollll.il' 


'rotal 


I'.t lirr  soi. 
ork'-  ai'i'ls 


n  ion 
(.(.nciiitration 


Pll.t 

No.                1'.'2.'. 

1 020 

1025 

cc. 

cc. 



cc . 

cc. 

.\  1        2-.' 

;;( 

■  .     .» 

2,s 

,\  J       11 

:;o 

:;i;; 

2'  '■ '. 

.\ .;    i:: 

'.  1 1 

.  !■  ■•» 

;;■'!', 

A  I 8 

17 

315 

:;;;:; 

,\ :,    i:; 

.M 

:;i:; 

■■- ' 

1:2    11 

■.'„'i 

:;I7 

•J' If, 

11  :'■ iif} 

;;o 

:m 

:;(»♦', 

IM 19 

40 

353 

;;2n 

11.'.     19 

:v2 

321 

:;20 

I'.^t;  l!i25  1''20 


'..25 


l!i2i; 


l'.»25 


1 ',  .20 


cc. 

cc. 

cc  . 

-c.          1 

pH 

pH 

:;5J 

;;12 

;;«,■ 

-.'Ml 

5.7'^ 

I',  .^■^ 

:;5( 

:;■__".( 

:;;;:; 

; ;( 15 

.5  , ',  .1 ', 

5 . ',  '5 

.::;»', 

:',r,:'. 

:;:;i 

2,  '■ ' 

0.01 

»;.2'l 

-■,(■» 

;,5n 

:;i  t 

271 

5. ',17 

0,10 

:;.M', 

:;7l 

:;5i 

•I'll! 

5.71', 

1;.  ii; 

;;:;i 

:;2l 

:;i:'. 

2-t', 

.",  ;  >  ^ 

o..;7 

:;4i 

:;»5 

:;i5 

.,..,■' 

5.:;  I 

0 .  OS 

. .  -.) 

:;r.o 

;;'',2 

2!'.'. 

.5.71 

1  "'  .  t  ^ 

:;iii 

r.. ,,» 

333 

:;(jo 

.5.01 

0.27 

fct 
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Table  8  shows  that  where  ehlorine  was  present  in  appreeiable  qnan- 

titles    the  alkalinity  of  the  soluble  ash  was  quite  low    which  indicates, 

a  mJasuret  organic  rather  than  orijanie  forms  of  the  potash  present. 

The  res?^"s  also  show  that  the  preater  the  alkalinity  of  the  soluble  ash. 

the  fess  the  actual  acidity. 


^        ....sult  of  th.'se  invest ifrat ions  at   Hl-brata,  it  was  .'...eidea  to  eon- 
'     V  i     i    r   exp..rniuM.ts    in    dilTer..nt    parts    of    Lancaster 

'■£  „t  .'i      <-  and  a  ci.ar  con,pany.     .M,  acre  of  .round,  on  a  rcp- 
HtiNV   f-u-ni   of   the   locality   was  s,.lcctcd   in  <'V,M-y  cas..      On   one 
\fter  the  1925  and  1!)2(;  sa.ni)les  had  undergone  fermentation,  a       j         '■'''";    ,|,'si.nK,t..l  by  A,  an  ap|.lication  .,r  carbonate  oi  potash,  precip- 
n,easu::'of^t;.e\!;rnin.  aualit.v  was  obtained  by  means  of  the  ".i,>  .;;;;•;;;;,,  ;„„„„„„,  „,,,„„     ,■    ,„h.,  -,;;|;'-;;;;-;:   j;-,,   ;  ^  ':::;::i; 

test,"  the  results  of  which  arc  .ivcn  m   l.d.lc  s.  ^^^  ^,,,,,„  ,.^,^.     ,    ,„„      --,i;,;l,.;.lj|lso.^    _  ■  l;' ^ -J -j;^  ^^^.  ^^^  . 

„_.     .ru-,-     .«,^   14»-><;    I  h>.>..<     Vl.TMt    FKliMKMAllON  t,ln1       (  '  fS  1 'J  ! !  ii  M '    i     '1^      '»■      ^    ''"^  ,  ,       ,•  1       <,.      ^        ',  • . ,  •  1  i  i  v  1  \' f  ■ 


Taiui:  i>.     Snui-  Ti^rs  or  Tin: 


Plot    Nil. 


VXl'  AND  li)2G  CHOI'S  Airi'K  Ff.rmkmaito.n 


A  1 

,\  ■-' 

.\  :; 

.\  \ 

\  :> 

15-2 
}'  "■ 
IM 


strip    ti'Sts* 


Poor 

poor 
I'oor 
poor 
(Jood 
Poor 
Fair   to   Cood 

Fair 


1926 


poor 

I'oor 

I'oor 

poor 
flood    to    I'inr 

Poor 
fiood   to    Fine 
(;o<)d    to    Fine 
Fair  to  Cooi; 


*Drflnition?  of  tonus  in  strip  tfsts: 


vl^vZor    t     .    rodo;:snot    hold  lir..     (N)als   badly. 

IS    t     mc.     h.)l.^     tiro  tn.t    a    few  h.-oihIs.     ("onls  »"';  1>- 

i  oor     luiiiniw  1  ,.v<.r   live   i^ccoiK  s       (Oas    iiio<i<rat('l>  . 

Fair    tobacco   h«>l\'':  .^^''/'V''^, ,f;\,;.  .'/     ,    ■s(.,.<,n.is.      Coals   sli^-htH-. 


it    coldrc'l 


asl). 


The  results  sriven  in  Table  9  show  that  tli<>  burn  of  the  ID'JB  .-roi. 
was  I  tl  hole,  uniformly  better  than  that  of  the  .2.,  crop.  W  Iut. 
cldorinc  was  present,  however,  the  burn  was  cous,st<.ntly  poor. 


Tahlk  ](».     Fkhhi.i 


ZKU  Tkeatmfnts  of  ()utlyin(;   Expkrimentaj.  Plots 


I'lot 

( 

ottoiix'cil 

No. 

Ml 

imirc 

meal 

T 

ons 

lbs. 

A-1     -.  ( 

.) 

GIO 

B-t    --  1 

15 

A  2 
IM* 

H  :^ 

A  4 
H  4 

A  .'. 
15  ,") 

AT, 
HO 

AT 
P  7 


filO 


Nitrate 

of 
.«oda 


i:;() 


Carbonate     Siilplialt' 
ol 
potash 


ot 
potash       inca 


Prciipit  at''d 
Pone  bone  Aii'l 

phosphate      phosphiiti 


1(1 

10 
10 


610 

300 

filO 


i:.-j 

i;;() 


1.'),') 


10 
10 


10 


CIO 

;',io 

010 

;;( (I 
r,ni 


i;;o 

100 

i:;o 


\:>: 


i:;o 


155 
155 


lit) 

3r>o 

200 
120 
100 


;i50 


140 
140 
140 
140 


45 


140 


120 


160 


i:;o 


1  .'..' 


I 


A-s    ._  I 
P-8    ..  I 


20 
20 


tild 


l;;o 


155 


140 
140 
140 


100 


,„s,.nip  cdsps  ninnurc  uds  ..piu,  u  ..  ..w.      .. 
;,,„    ,,,si.nnt.l    ns    H.   xvds   r.rt.!i/..l    np.onlinir   t. 
'..,;;.;,ln:,l    on.u.T.       TIm'    Plnl-^    ^^'■'•'•    nuuihcvr.\    , 


ri-(Mii  1  i*>  '^-  iti'-i'i^'iv'' 


,,,r,vi(  u;i     Lii'ow'T.       1  ii«'    1""^-    - .  ■      'p    1  1      in 

I  ...i...>,    r,>..   Ml 


\,    ,!„.   ■<u\   of   iln-   rnnu^   l-nod.   -:un,.l.-    «v,v   l.Um    U<r   anMys,, 
(riven  in  Tabic'  11. 

.,    I/'tttj-.t.     rnr)"*'^'"0 
11         CiiLvr  H' VI      SlTDll  S     OF     llltlD     1  K  >  A  ^^  i  « -^  ^ -'■  '  ^ 


Plot 
.No. 


Crude 
.\-li 


Alkalinity    of    the    Ash 


Chh  rh.f 


\-l 


•'II 
■'II 


.\ :; 


.\  1 

w  \ 


B6 

A -7 
H-7 

A  >v 
l!^ 


r.'.vi 

■'D.d.'i 


■'.n..'i'. 


■.'ft.  If, 
2'  • .  "^s 

211.27 
2n.tr," 

■'(I. '.IS 

i;".7(; 


None 
■  > .  7  I 

.j.  ..,.,. 
n  i:.', 

'I'riiri' 

Traer 

N I  nil' 
1.21 

N"n<' 
Trace 

None 
Trace 


Ca' 


(,.  .1.1 


.',.  i;; 


."..  I'.i 


:>.v.i 


'( ) 


1.12 
I  .ti'.i 

1  .in 


1 .  n 
1 .  ."i  I 

n . '.  '< , 
n.cn 

n.7-- 
n.^;'> 


.( ) 


.-,.01 
l.f.:; 

(.27 
t.  !■.• 


.'i.n:; 

t.'.O 
1.7M 


.'. .  2 1 


Sol 


ln>oi 


;;2l 
; ;  m 


Total 


N 

me 

N 

me 

Ti 

■!IC( 

n 

..->o 

5.  HI 
5.45 

i.iit 

.-,.40 

6.67 

(1.02 

: ; . :  '.0 

4.89 

0,^1> 

1 .  42 

.-i.r,.i 

1.01 

t.27 
4.01 

"I 


t-^ 


;;t, 
»■> 

2'.' 

:',l 
"■'. 


•".lO 


•j,,i 

2 1  :> 
■.'f.i 

27.-> 

2^(' 
2S7 

212 

2o:{ 

:',2r. 
302 


354 

348 

350 
327 

257 
320 

288 
312 

2' ''.  • 
:i4o 
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;',oi 


These   results  show.   .,„   the   whole,   that    the   Ume  c out  u,^ 

r,.n„lv  lower  and   the   potash   eout,'Ut    ,.orresp.,nd.U!-'ly   hU-'li  ' 

samples  of  the  two   prccclin.^  years  taken    from   the   1''"'^,;      ''''.; 
Thcvalso  show  that  tli,'  locality  in  which  th,'  plants  wc  e  ^    -   ;       '' 
abh-  couplcl   with   their   |.revious   history,   overshadow   the   intlu.  nu    ot 


the  fertilizer  treatments  employed. 


■M' 


.V  J^ql 
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Summary  and  Conclusions 

The  experiments  herein  described   have  to  do,   in  the  main,  with 
the  development  of  desirable  strains  of  ci^ar-leaf  tobacco;  the  relation 
of  field  treatment  to  the  yield,  chemical  composition  and  quality  of  the 
product  obtained;  the  relation  of  artificial  he^it  to  the  curing  and  fer- 
inentHtion    processes,   and   the   development   of    hi-h-nicotine   strains  of 
tcbm'co   which    mav  hv   us(m1    for   insect    control.      Strains   oi    ci-ar-leat 
toluH'co  l.axv  })ecn 'developed  whicii  have  hi-li  resistance  to  root-rot  aii.l 
uhich   produn>  a   lii-li   viH.l    u.uI.m-   favorable  .environmental   con,  .turns, 
]>romisin-  resnlts  have  been  obtained   in   the  development    oi    bo  h  hi<^h 
„nd  low  nicotine  strains.     The  use  of  artificial  heat  has  ivsnlte,!   nnli. 
nrovcntion  of  poh-lmrn  and  a  shortening  of  the  eurin-  period.     Artit.-,a, 
heat  was  nsed  to  shorten  the  period  of  lennentat  ion  and  i)revenl  llir  ,!.. 
velopment  of  black-rot  during'  this  process. 

The  use  of  manure  alone  has  not  proved  satisfactory  as  a  field  treat- 
ment      The  yield  and  (luaiity  oi   Ihe  picui..^  p.o.uui.   ......  i    ...        _  -. 

ditions  have  been  eonsistently  inf,.rior  to  those  produee,!  ''y"!';;  ;'•«;;;"» 
of  manure  supplemented  «ith  eomniere.al  fertilizers.  (  n  the  oMmt 
hand,  high  yields  and  Rood  (|uality  tobaeeo  were  obtained  when  «,«. 
iiiercial  fertilizers  were  used  without  manure. 

Chemical  studies  of  the  leaves  sliow  that  tlieir  eoi.ipositioii  iii:^y  !«• 
materiallv  affeeted  by  loeality.  weatlier  eoiulitioiis,  and  fertilizer  treat- 
nient;  ami  that,  in  turn,  the  ehemieal  composition  affects  their  buniiii.' 
(juality. 
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ON  THE  RELATION  OF  POTASSIUM  TO 

IRON    IN    THE   COMBUSTION    OF 

CIGAR-LEAF  TOBACCO^ 

It  lias  ion^  been  r(KU)<,niizod  that  potassium  may 
aci  as  a  <'atalyst  iii  the  coinbustioii  of  ci^'ar  leaf 
tobacco,  and  that  its  cmcicricy  in  this  respect  is  lar-^^ely 
(l('t(>rinine<l  by  the  form  in  which  it  is  found  in  the 
l<af.  Tiiesc  i)()inls  have  never  been  (jucstioned  seri 
ously,  but  oi)inions  have  dilTered  concernin<,-  the  exact 
mechanism  involved  in  this  form  of  catalysis. 

In  our  studies  on  the  burning  qualities  of  Penn- 
-.K,„.,w,  «;r,o».  inof  i^nhQonn    w^  havp  substantiated  the 
claims  of  others,  namely,   that  ready  combustion  is 
usually,   but   not  always,   associated   with   potassium 
in   organic  rather  than   in   inorganic   forms  of  com- 
bination.    Moreover,  we  found  that  if  the  ash  of  a 
cigar   was   rubbed   into   the   surface   of   an   ash-free 
cellulose  filter-paper,  the  latter  could  be  made  to  burn 
with  a  glow,  instead  of   a  flame,  and  that  the  ash 
from  a  good  burning  cigar  was  more  efficient  in  this 
respect  than  the  ash  from  a  cigar  of  inferior  burning 
(lualities.     This  suggested  a  modification  of  Garner's 
method^  for  a  study  of  the  effect  of  individual  ash 
constituents  on  the  combustion  of  organic  materials, 
apart  from  those  of  the  cigar-leaf,  inasmuch  as  both 
insoluble  and  soluble  ash  constituents  could  be  used 
advantageously. 

1  Published  by  permission  of  the  director  of  the  Penn- 
sylvania  Agricultural   Experiment   Station   as   Technical 

Paper  No.  474.  . 

This  investigation  was  conducted  in  cooperation  with 
Dr.  W.  W.  Gamer,  of  the  U.  S.  Department  of  Agricul- 
ture, Bureau  of  Plant  Industry,  Office  of  Tobacco  and 
Plant  Nutrition,  and  Professor  F.  D.  Gardner,  of  the 
department  of  agronomy  of  the  Peniisylvaina  State 
(U)lh'ge. 

-'  U.  S.  I>.  A.  Bur.  Plant  Ind.  Bui.  105. 


As  a  result  of  these  experiments  it  was  found  that 
a  number  of  ash  constituents  and  many  of  the  organic 
compounds  of  the  leaf  imparted  glowing  qualities  to 
the  filter-paper.     Of  these,  however,  potassium  car- 
bonate appeared  to  be  more  efficient  than  any  of  the 
compounds  studied,  although  its  use  usually  resulted 
m  the  production  of  a  dark  ash.     It  is  our  opinion 
that  tlie  catalytic   action   of   potassium   carbonate  on 
the  burning  of  rilt."r-])ap("r  is  due  to  the  fact  that  the 
potassium  ion  forms  auto-oxidizable  compounds  with 
cellulose   derivatives,    and   that   the   carbonate    itself 
aids  in  the  dispersion  of  carbon  particles,  thus  m- 
creasing  the  total  surface  for  combustion,     i.iat  mois- 
ture must  play  a  part  in  the  dispersion  of  carbon 
was  indicated  by  the  fact  that  a  dry  mixture  of  carbon 
and  potassium  carbonate  did  not  burn  more  readily 
than  carbon  when  used  alone.     We  conclude,  there- 
fore   that  what  holds  true  for  pure  cellulose  holds 
true'  also  for  leaf  tissue.     In  the  latter,  however,  a 
greater   dispersion   of   other   materials   present   may 
likewise    take    place,    materials    which    may    have    a 
catalytic  action  as  well.     Among  these  may  be  men- 
tioned iron   oxides.     The  presence  of   a   mere  trace 
of  these  compounds  aids  in  the  combustion  of  dry 

carbon. 

Potassium  carbonate,  mixed  with  iron  oxides  which 
were  obtained  by  the  combustion  of  organic  iron  salts, 
when  applied  to  filter-paper,   was  found  to  have  a 
more  beneficial   effect  on  the   glowing  capacity  and 
thoroughness  of  combustion  than  when  either  material 
was  used  alone.     This  observation  led  us  to  anticipate 
a   rather  close   relationship   from   the   standpoint  of 
combustion  between  potassium  and  iron  as  they  occur 
within  the  leaf.     Tests  on  fermented  samples  of  to- 
bacco failed  to  show  the  presence  of  either  the  ferric 
cr    f.'iTous    iron.     A    t^^st    showing    the    presence    of 


8 

complex  ions  of  iron,  on  the  other  hand,  was  readily 
obtained.  We  have  reason  to  assume,  therefore,  that 
the  iron  must  be  present  in  combination  with  salts 
of  hydroxy  acids  or  related  compounds,  which  nor- 
mally occur  in  the  leaf.  Experiments  on  the  effect 
of  these  complex  salts  on  the  combustion  of  filter- 
paper  showed  that  potassium-iron -citrate,  for  example, 
was  far  more  efficient  as  a  catalytic  material  than 
ammonium-iron-citrate. 

The    tests    on    filter-i)aper    were    followed    by    tests 
on   pure   sucrose,   used   alone  or   with   various   other 
materials,  and  heated  to  high  temperatures  in  porce- 
lain dishes.     It  was  found  that  when  sugar,   alone, 
was  used,  a  large  increase  in  volume  was  obtained, 
followed  by  a  less  rapid  loss  of  water,  and  fair  com- 
bustion was  apparent  untU  all  the  water  was  elimi- 
nated.    On    the    other    hand,    when    equal    parts   of 
potassium-iron-citrate  were  used,  a  less  increase  in 
volume   was   obtained,   followed   by    a   slow   loss   of 
water.     In  this  instance,  however,  ready  combustion 
was  effected.     If  the  flame  was  removed  before  com- 
bustion was  complete,  the  mass  was  found  to  glow 
for  a  long  period  of  time.     On  complete  combustion, 
a  coherent  ash  remained,  containing  iron  oxides,  uni- 
formly distributed  and  in  a  very  finely  divided  con- 
dition.    A  somewhat  similar  result  could  be  obtained 
by  using  the  ash  of  a  good  burning  cigar,  but  not 
with  ammonium-iron-citrate  or  similar  compounds. 

The  iron  remaining  behind  was  found  to  possess 
magnetic  properties,  even  when  the  temperature  used 
exceeded  that  of  a  burning  cigar.  Tests  on  cigar  ash 
yielded  magnetic  iron,  but  only  where  combustion 
was  incomplete,  no  test  being  obtained  where  carbon 
was  absent.  It  was  thought  that  the  force  of  attrac- 
tion between  the  oxides  and  certain  of  the  ash  con- 
stituents was  great  enough  to  overcome  the  magnetic 
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force,  because  magnetic  iron  added  to  an  ash  failed 
to  respond  to  a  magnetic  field.     On  the  other  hand 
where  the  iron  was  not  well  distributed,  enough  of 
the  iron  oxides  became  localized  in  quantities  suffi- 
cient  to   overcome   the   attractive   force   of    the    ash 

particles.  „ 

It  is  suggested,  therefore,  that  good  combustion  ot 
cic^ar-leaf  tobacco  is  associaU'd  with  potassium  com- 
pounds which  give  rise  to  potassium  carbonate  during 
combustion,  and  that  the  presence  of  such  compounds 
may  serve  to  intensify  the  catalytic  effects  of  iron  on 
this  process.  D.  E.  Hamiy 

Otto  Oi^son 
Pennsylvania  State  Coli^oe 


.  ncQTFICATION  INFLUENCED  SOLELY  BY      similar  cage  without  cover  of  any  kind  and  exposed 
ISOSSIFICATION  I^N^^^^^^^^^^  to    the    ordinary    laboratory    light.     Group    IV    was 

•       •   ,        ,  ;n  H.P  nhvsiolocrical  treated  the  same  as  Group  II  except  that  the  covering 

OWING  to  the  increasmg  mterest  in  the  physiological  .^^gi^ted  of  cardboard  arranged  in  such  a 

properties  of  ultra-violet  light  in  ^^Jj^^^^^^^  ZT.r  Z\i,U  was  excluded  completely  but  with 

U  of   rickets,   legweakness   in   P^^^^   ^"J  ^^^^^^^  ,,,iuties  for  air  circulation.     The  following  results 

tional  paralysis  m  swme,  the  tollowing  data,  obtained  ^^^    ^^^^^^   ^^^^^   ^^^^   ^^^^^ 

i,  1926,  may  be  of  interest  to  workers  in  the  field  were^^^^^  ^^^^^  ^^^^^  ^^  ^^^  ^^^^^^  ^^  ^  twenty-one-day 

of  light  therapy.                                                ,^Mormma  iV^^H'^f,'  P<^''i«^'  ^^'''  percentage  of  ash  being  calculated 

At  that  time  wc  were  .orulucting  routin    dot.nnma^  J, 

Uons  of  ih.  oss.iyn.^r  pohMu-y  of  dilirrrnl   .oun-.s  ot  y, 

U,ht,  by  uH-an.  of  llu-  hor..  ash  metlunL^      '1  h.  MW- "                       ^^^^^ 

aon  arose  relativ.-  to  the  dio.t  ot  ditiuse.i  1   bo.ato  v  ^^^^^^^^^^^^^^^                                 ^^^,^  ^.^^^^^_ 

li.ht  and  ordinary  .'l(H-trn-  .Hun.ination  on   tlu-  ossiu-       i - 

.ation  process.      This  (jurstion    was  rais.-.l   Imvmuso  ol  ,      M.-./<l:i  l-ulh  s  hours  |.^m-  day  .^l-«- 

rather   constant    varmtions    in    the    bone    ash    of    rats  n      Dark  cugc-.nuslin  eloth    ^ 

\\.\.  wPre  reared  in   different  parts  of  the   labora-  II]     Lahoratory   light                 ^•^••^^ 

:^:'  i::  Z::^e^..  were  continuously  shaded  or  IV     Dark  eage-cardhoard  cover ^...5^ 

darkened  -variably  mamfesW  a  b..^^^^^^^^^  ^^^.^.^^^^  ^         .^^^^  ^^^  ^^^,^^^,  -^^  ^,i,, 

fication  as  compared  ^^^^J^l^l^^^.^       the  feeding  period  was  lengthened  to  thirty-five  days, 
the  same  ration,  but  whose   cages  were  ^^^^^^^  ^^  ^^^^^^  ^^^^  ^^  ^^^^^^^^ 

during  the  ordinai-y  working  hours.  ^ 

The  animal  laboratoi-y  is  situated  in  a  half  story  ' -"-:— ZH-^ -- 

attic  on  the  third  floor,  and  the  building  is  almost  Bone -h 

entirely  surrounded   by   tall   trees.     As   a   result,^  the        Group    Troa^ment 

windows,  which  are  small,  are  partly  shaded.     Prac-  ^.     ^^.^^^^^  ^^^^^^  ^^  j^^^^,,.  j,^.,  j,^y 50.59 

tically  no  direct  sunlight  can  reach  the  windows  and  ^,j     ^^^^^  ^^^^                             18.46 

little  of  this  can   penetrate  into  the  laboratory,  and  yjp     Lal>oratory   light               '^^'-"^^ 

the   windows    are    usually    closed    during    the    cooler  yill     Two  drops  cod-livei^mWaily^^.^^^    ^^-^^ 

mc^r^\h^     ronseouentlv,   it   is   necessary   to    work   by       ,  •   • 

Zn    lii    mo  t  of  t'he  year.     These  lights  consisted  while   we   have   had   no   facilities   for   determining 

of  75-watt  Mazda  bulbs  hung  at  a  distance  of  about  n.  amount  of  ultra-violet  light  to  which  these  animals 

twelve  feet  above  the  floor.     The  cages,  which  con-  ,,„•,  exposed,  we  have  every  reason  to  believe  that 

sisted  of   wood   frame   and   wire   mesh,   were   of   the  ^t  must  have  been  negligible,  since  most  authorities  are 

apartment  type,   consequently,   most   of   the  animals  ^^,,^,|   that   the   production   of   ultra-violet   light   by 

were  shaded  most  of  the  time.  the  ordinary  filament  is  small  and  that  this  is  largely 

To  determine    if  possible,  the  elTect  of  laboratory  -^  ^^^^^  (completely  absorbed  by  the  glass  bulb.     Wniie 

li'^ht  on  the  calcification  rate.  Utter  mates  twenty  one  ^j^,,  possibility  is  not  excluded  that  the  variations  m 

days  of  age  and  weighing  approximately  forty  grams  ^^^^^^.  deposition  are  due  to  ultra-violet  light,  we  can 

were  dividtnl   into   four  experimental   groups,   all   of  ^^^^^  ^.^^ape  the  conclusion  that  the  longer  wave-lengths 

which   received    the    Wisconsin    rachitogenic    ration.^  .^j^^^  possess  ossifying  power. 

Group  I  was  placed  in  a  cylindrical  wire-mesh  cage  ^^.j^^.^^.   observations  are  in   accord   with  our   obser- 

oovered   with    loosely    woven    black    muslin    eloth    in  ^.^^■^^,,^    (H.A.D.)    on    poultry,    in    which    we    have 

which  an  opening  was  made  through  which  was  intro-  ^^^^^^^^^   definite  superiority  of  birds  n'ared  on   a  leg- 

duced  a  100-watt  Mazda  bulb  which  was  allowed  to  ^,,(,.^],j„.^s  producing  diet  and  exposed  to  sunshine,  as 

bum  eight  hours  per  day.     Group   IT  was  placed  in  ^,^^,,^^.,^^.(1   with   birds   subsisting  on   the  same   ration 

a  similar  cage   which   was   covered   completely   with  ^^^^^  imuiiated  with  ultra-violet  light  from  the  quartz 

the  black  muslin  cloth.     Group  III   was  placed  in  a  ^^^^^^,^,^^^  ^.^p^^  lamp. 

^R.    A.    Dutcher,    M.     Crcighton    and     II.     Hothrock,  '                                                 R.  AdamS  DuTCHER 

J.  Biol  Chrm.,  l.)25,  06:  401.                                      ^^^^,_    ^.^  H.  E.  HONEYWELL 

2H.  Stecnbock  and  A.  Black,  ,/.  Iiu>L  Chcm.,  l.)oo,  t)4  .  Pennsylvania  State  College 
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investigators. 

A 1,.,-   ;n,nortant   series    of   observations   that   pavcl    the 

.va^'for'vitan/in  research  were  those  of  Uopkms  ot   ..nglatur 
\  •  Hopkins  showed,  as  early  as  19CX,,  that  as  httle  as  2  .x^  o 
row's  n  ilk  caused  rats  to  grow  on  punf^ed  diets     He  po  nted 
Z    1  a    this  sti.nnlation  conld  not  he   dne  to   fats,   protetns 
bohvdratcs  or  n,ineral  salts.    He  postulated  ^f aMvnlk  ntus 
contain  some  liitherto  unknown  "accessory  fo.  .1   factor.       He 
K  sivett  the  credit,  therefore,  for  su^^sestn;.'  tbc  extste.tce  of 
these  food  factors  that  we  now  call  vitannns. 

Hetween  the  vears  1910  and  1912  Or.  Casitnir  hunk  repeat^- 
e<l  substantiated  the  work  of  r.ijk.na.n.     '.etn,  a  c  len  st 

however,  he  pursued  the  problent  further,  w,.h  J,--' 
he  was  able  to  isolate  from  rice  pohshmijs  a  crystalhnc  chenn 
al  suhstance  which  contained  carbon,  'ly'-^^-' ;^;:.>';;-  =; 
nitro-en.    This  suhstance  was  curative  ut  avtan  her,-h  r.  ami 
,  sse;sed  basic  properties.    .As  a  result,    hunk  suggested 
Lame  "vitaminc"  for  this   foo.l  factor.    Souk-  years  la  c     the 
"e"  was  dropped  front  the  wor.l  '■vita.tnne"  m  order  tliat  thts 
class  of  Jithstinces  should  ,tot  be  cottfuse.l  with  the  plant  alka- 
loids  such  as  strycbiiin,  morj^hin.  etc. 

The  first  systematic  work  in  vitamin  research  in  this  coun- 
try developed  in  the  laboratories  of  Osborne  and  Mende 
Yale  and  in  the  laboratories  of  Babcock,  Hart  and  McC  oUum 
at  Wisconsin.    It  was  not  Ion,  before  these    fo-^--^^^^^; 
tained   proof    for   the    existence   of   a    fat-soluble    food    fac  or 

1    •        .;i    huiirv  f'U  -md  eiiii  volk.   The  absence  of  this 
m  cod  liver  oil,  buttci   tat  ana  c.l,j,  yuir.. 

factor  from  the  diet  caused  loss  in  weight,  accompanied  by 
the  development  of  xerophthalmia.  At  about  the  ^an.e  time 
McCollum  and  Kennedy  showed  that  the  antineuritic  factor 
of  Funk  possessed  growth  promoting  properties  when  fed  to 
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rats.  McCollum  and  his  co-workers  were  unal)le  to  find  that 
the  fat-soluble  factor  contained  nitrogen  and  for  that  reason 
refused  to  adopt  the  tenir'vitaminc;'  Tliey  su-oested,  thcre- 
l,HV  that  the  fat  .^olubU-  lartor  be  kimun  :i>  'M' at  soluble  A 
and  that  the  water  sohible  taetor  ir,  ne.-  puli.lnu-s  and  m 
veast  l)e  ealled   "\\'ater-solul)le   !'>." 

lack  (.1  time  prevent^  lunlier  diM-u.^i.,,,  uf  tlie  disenverv 
(,f  the  vancus  vitamins.  1  wi>1i  tn  .ay,  h..^^eve^,  thai  the 
term  vitamin  appealed  to  popular  and  scientilic  fancy,  with 
the  result  that  it  has  become  official  and  universal  m   usa,e. 

M^i     .-    ,,„ 4i,o    .1;c-,^o^•or^'   nf    vitnmin    (\    the   antiscorbutic 

i    lieu        V_£llll«-        1.11*^        v^i...vvy   .    >--     ,  ' 

factor,  which  was  found  in  citrus  fruits,  sproutm-  grains, 
o-reen'leafv  plants  and  in  many  ve-etaldes  and  fruits. 
""  Fur  a  time  the  work  of  Mellan1)y  and  others  seemed  to 
indicate  that  vitamin  A  also  possessed  antiratchitic  i.roperties. 
Mellanby  also  noted  that  do,s  developed  rickets  in  confine- 
ment much  more  ra])idly  than  when  they  were  allowed  to  run 
out  of  doors.  At  that  time  he  was  inclined  to  believe  that 
exercise  was  curative  or  at  least  i)reveiitive  in  rickets.  Later 
work  on  heliotherapy,  however,  has  provided  an  explanation 
for  his  results. 

McCollum  and  co-worker,  were  able  to  destroy  vitanun  A 
in  cod  liver  oil  without  injuring  the  antiratchitic  i.otency  ol 
the  oil  appreciably.  This  work  led  to  the  introduction  ot  tlie 
term  "vitamin  D"  to  designate  the  antirachitic  lactor. 

A  few  years  later  Dr.  Herbert  Evans  of  California  intro- 
duced proof  for  the  existence  of  an  antistenhty  factor  which 
he  first  called  "vitamin  X,"  but  later  the  term  'A  itamin  h  was 
adopted  This  factor,  according  to  lAans,  l)rin-s  about  ter- 
tility  when  rats  have  been  made  temporarily  sterile  on  certain 
types  of  rations,  lie  finds  this  factor  (piite  universally  dis- 
tributed, but  finds  it  in  hi,h  concentration  in  cereal  oi  s.  par- 
ticularly wheat  ,erm  oil.  This  factor  is  capable  ot  withstand- 
in,  saponification  and  distillation. 

Recently  the  California  workers  have  ^uo,ested  a  new  fac- 
tor called  "vitamin  Vr  but  since  some  investigators  are  (pies- 
tionin,  its  existence  I  shall  not  take  time  to  discuss  it. 

Within  the  past  few  vears  evidence  has  accumulated  to 
prove  that  the  old   vitamin    P>   is   really  a   "complex,      consist- 
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-vitamin  (.■■l.yAnicrK-anu-rkci.au.l  -      - 

^^■orkers.  _   .^^  ^,^^_  „„sai,(.nirial.lc  porti.m  of  ibosc 

fats  ^vbicl,  c.ntai,.  U     It  is  lafl     ^^f  "^  ^^^  ,        ^^   ;,   ,,cstroyca. 

Even  in  the  absence  o    1,         t  .        -,  t  ^^,  .^^^^^^  ^^  _^^^^^^^^  ^,, 

,„  a  .general  ^^-v    '>         ;"^     .^  ^^,„,,,  „,,  ,-;,,,  ,n  the  car.tn.- 
pigmcntat,.m^-..e    t     -    '^  vitanhn    A.    Tben.   are   ex- 

Old   pigment   are    usnally    i^n 

ceptions  to  "'i^"'''^'  '.'"^;,';''[;  ,-,,t.„.    ,s  soluble  in   water  and 
Vitamin  l'..  the  antmeuulR   '■^;  "  ;    ^    ■    ^^.^i    aialyze.l,  and 
water-alcohol  solutions.    ^/^;;;;;,.  '     '^^tt.sily  destroyed 
adsorbed  on  thesiu'lacc  ot  coUouls.     i        I 
by  heat  as  compared   wtlh  vnanim  ..  ,vater-soh.ble, 

^■''T^  ^\'-^  ::'rt'^d'X.:vi::;  destroy.,  by 

::;i:E^tt  a;:ol':v   Iciptible  ,0  oxnlat.on,  bm   may   be 
i^ltSd^re^airlptablJ  to  hea>  ,t  oxyge,,  .^ 

•    'rn'-  ;;hc  ht  s.;;:":  :    ^^    ;:;:;:;,;sa  onlhcation  reactions 
IS  soluble  111  the  tat  soixeiii^-  ^  ^    contain- 

a.a.as«Kiatedwhh.he.en  U,.,.^tl. 

,„„  ,t.  .'^',^^'!/"'        ,        .^,.^,,1  .ub^tancc  01   vitamm   1). 
is  identical  with  01   i>  the    pan  m   ,  .^^^^^ 

Vitamin  !•,  the  antistenli  y   nuloi,  ';    \,,^  ^,„,;  oinh- 

cated,  is  fat-soluble,  heat  stable  and  is  toun.l  m  the  1 

able  fraction  of  wheat  germ  oil  ..^..^  nreventive  fac- 

Vitamint,,theap,.titepro...g^^ 

l(,r,  is  solu])le  in   uatei   and  \N<ncr  .  ^^.^  ^„ti- 

a,,sorbed  at  the  same  Mn.em.^^^ 

(leuntic   laclor,  .uul  In.in  is    iq  ^^^^^^,   ^^^^ 

:,,™:;'l?;;;:;;;^::::'C'';:::':::,.  s,;; »r« ., 

data  correctly. 
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MEDICAI.    AND    N  UTRITK  )N  AI.    ASPKCTS. 

Mav  1   explain  that  the  literature  is   full  of  ideas  and  oi)in- 
,.,;,  n,anv  of  which  are  unsuiM-rted  hy  experimental  ^-vnl^'vice 

,,latuctiMheph>Mnl<i.oc   lun.i^.nM   MtauMn-    I  ^luill  atlnnpt 

to  iiieiiti'  >n  hut  a   tew. 

|„„„„.n.   ,,f    Vilamin    A.      S..nie    unler,   believe   that    YUa- 
,„„;     \   p,-..n,ote,  llie   !ui)c!i..i   ni    lissues    an.l   Inal    M.-d   plate- 

1,1.   Ilueluale   wilh   the   suiq-ly   ...    this    l !    lacb^r.     ^^    '-"' 

jai„   that   app<-lite.   growth   and    welhheing   are   depen.lent   .>n 
this  vitamin.    A  defKicney  of  vitamin  ,\  causes  loss  of  appc- 

1      1      ....:. A. 4-   M,wi    cncr.'Tuilnlitv   to   iniection,  ])ar- 
tite,   loss   in   nnti_y    w^-i^i't   cw...   ......^-i  -■         , 

ticularlv  of  the  eves,  ears,  sinuses,  air  v-assages  and  lungs.  In 
the  a<lvanced  stages  of  vitamin  A  delieieney  we  hnd  xer.,s,s, 
corneal  ulcers,  colds,  inlluen/.a,  pneumonia,  otitis  media  an.  , 
„ccasionally,  infections  at  the  base  of  the  tongue.  Kenal  cal- 
culi have  also  been  noted  in  many  cases.  Diets  eontainmg  ade- 
nuate  am.>unts  of  co.l  liver  oil,  butter  fat,  cream,  carrots,  liver, 
etc     prevent  the  pathologic  eondhions  just  described. 

I  unctions  of  the  \itamin  1!  Complex.^Owing  to  our  lack 
„f  knowle.lge  regarding  the  new  factors  1!  (or  .,)  and  <> 
,„r  i;  )  1  shall  .liscuss  them  together.  W  lien  the  complex 
is  omitte.l  from  the  diet  apiietite  fails  and  lossx-s  m  body 
weight  and  emaciation  ensue.  Death  may  occur  with  o>-  with- 
out the  development  of  polyneuritic  symi.toms.  I  sually.  the 
animals  are  constipate.l  and  are  characterixcd  by  marked  loss 

'"  li'^'all  stages  (,f  vitamin  delieieney  there  is  a  cliuraeteristic 
l„ss  of  sexual  interest  and,  cinsciuently,  failure  to  breed.    .My 
„wn  work  and  that  of  other  investigators  shows  that  there  is 
a  tcii.lencv  for  all  vital  organs  (,f  the  body  to  atrophy  m  vita- 
niii,   i;   (eomi-lex)   deficiency  with  ihe  exception   ol  the  supra- 
renal glands,  which  show  a  .listinct  temleiicy  to  hypertrophy. 
The'i^e  <eenis  to  he  some  relationship  between  nuclear  nutri- 
tion and  vitamin  I'.   (eoni,.lex)   supply.    .McCarrison  has  been 
s„  positive  of   this  th.at   he   has   suggeste.l   th.at    we   adopt   the 
term   -nucleopasf    h,   empliasize   that    these    laetors   stimulate 
tuiclear  metabolism.    1  have  alrea.ly  notcl  that  the  absence  o 
vitamin  W  (I!,)  induces  polyneuritis  aiul  that  vitamin  (,  (1.,) 
l,as   to    <lo    with    appetite    stimulation    an<l    the    |,revention    of 
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;;i:r;«.-;;r!L'';,.;"'';:;:;;-.»>  >»...."« -n. 

sonic  investii^-ators.  wlmlc 

,,a,  wlnle  necessary  for  n>any  ;--'  ^  .'r^a  \  ''L^cep- 
necessary  for  rats  or  poultry.  ( .umca  1^^^^^  /  •  ^,^ 
,;,,V  ^c  '':»»=  rtpfic-icnt  in  this  factor.  In  tne  guinea  _i  j,  ^ 
UuiC  lO  u.—   --  ,.;t-,mii,    (^  and   tlie   patlioio^y    oi 

nhv  of  adrenals  and  friable  bones. 

Orange   juice    lemon  juice,  tomato  juice,   sprouted   Rra.i  s, 

i-ri' .» i"";:  „«  -... » .  "»•:■■'-«;, .If',:, 

Calcification   is   enhanced   under   all   con.btions,   houcxer.    ny 

^'Rtn^worU  by  Windaus.  Rosenheim  -1  Jel.tc.    .  less, 
Stcenbock  and  others  lias  led  to  tlie  conviction  that  thcik 
bd  etosterol  is  the  parent  substance  or  precursor  o    v..     ; 
D    The  treatment  of  inactive  ergosterol  with  "'^[^^  """L;'^ 
iodtKes  an  antirachitic  compouiul  which  is  at  least  100,00) 
Ce     n  ore  potent  than  cod  liver  oil.    The  potency  of  ai  ti- 
r  icli  tic  a-ei  ts  may  be  studied  by   four  metho.ls--..   e.,    (1 ) 
X    av     (2r  ine    t  st   of   bones,    (3)    blood    phosphorus,    or 
f4rn;ineral  deposition,  as  measured  by  chemical  analysis  of 

*!  Si  not  discuss  the  pathology  of  nutritional  stonlity  aiul 
vitami^  1.-.  function,  owin,  to  the  lack  of  time  excepo  say 
that    F.va.is   and   bis   co-workers    describe    seveial    causes    ot 
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Sterility,  such  as  (1)  failure  of  fertilization,  (2)  fertilization 
takes  place  l)ut  implantation  does  not,  (3)  fertilization  and 
implantation  occur  luit   tlie  fetus  dies  and  is  rcsorbed. 

At    \\u<.  li-int    I'lofessor    1  )iitrlHT   ^hnwr,!   ;,h.)Ut   M)  l;in1t:rn   slides   <lc- 


scnptivc   of   the    various   Ispcs   of    vitainui    .■.■^raivli    in    his   ovvn   and    in 

He   dcM-nlifd    lii^   own    \vo,rk    .diowmii    how    it    wa^ 

ii.uiim  coriUMit  ..1   milk  i<  dcpcn<k'nt  on  the  vitamin 

(k-.iihfd    larciit   expi-nmcnts  in   which   hr   I'.a- 


dther    kahorat'  >nr"; 
(h^i~o\('rfd  that   ihe 

(1,11  trill    of    ihc    (ht  ! .       1  le     .  ■        r     1 

found  that  rat^  cannot  iitih/e  vitamin  A  when  hnlter  fat  is  fed  m 
juxtaposition  to  mineral  oil  or  liciuid  petrolatum.  He  explained  that, 
this  was  not  due  to  increased  intestinal  motility  accompanied  by  rapid 
hnwel  evacuation.  Neither  did  it  appear  to  be  a  matter  of  mtestinal 
pcrmeabilitv.  He  expressed  the  belief  that  it  is  most  likely  due  to 
solul)ility  of  Vitamin  A  in  the  mineral  oik  which  is  not  assimilated. 

Professor  Dutcher  also  described  the  cooperative  research  of  Bechdel, 
Dutcher  and  Knutsen  in  which  they  proved  that  the  dairy  cow  could 
live  grow  and  reproduce  on  diets  deficient  in  the  Vitamin  B  complex. 
Sub'scHiuent  research  by  means  of  a  gastric  (rumen)  fistula  proved  that 
the  cow  is  capable  of  developing  bacteria  in  the  rumen  which  synthe- 
size sufficient  vitamin  B  complex  for  her  needs.  An  organism  was 
isolated  which  caused  rats  to  grow  on  diets  deficient  in  the  B  complex. 
This  organism,  which  had  not  been  described,  has  been  named  Bacte- 
rium Vitarumen".  . 

In  closing  he  discussed  ultra  violet  light  and  food  irradiation  and 
how  we  should  make  practical  applications  of  our  knowledge.  He  sum- 
marized his  discussion  by  stating  that  while  deficiency  diseases  are 
existent  and  important,  that  probably  our  main  problem  was  not  to 
worry  about  the  development  of  deficiency  diseases  but  rather  to  try 
to  feed  sufficiently  varied  diets  to  prevent  lowered  resistance  and  sus- 
ceptibility to  other  diseases.  He  stated  that,  in  the  great  majority  ot 
cases,  it  was  possible  and  preferable  to  obtain  our  vitamin  supply  from 
the  dairy,  the  garden,  the  orchard  and  the  poultry  yard. 
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BALANCED   FERTILIZERS   AND   LIEBIG'S 
LAW  OF  THE  MINIMUM 

LiEBiG  maintained  that  "by  the  deficiency  or  ab- 
sence of  one  necessary  constituent,  all  others  being 
present,  the  soil  is  rendered  barren  for  all  those  crops 
to  the  life  of  which  that  one  constituent  is  indis- 
pensable."^ This  afterwards  became  known  as  the 
"law  of  the  niininuim,"  from  which  it  must  logically 
follow,  as  indeed  Liebig  himself  announced,^  that 
nutrient  elements  are  absorbed  in  certain  definite  pro- 
portions ("chiffres  proportionals")  in  such  a  manner 
that  a  limit  having  been  reached  by  one,  the  absorp- 
tion of  the  others  is  retarded  (depressed)  ipso  facto. 

Accordingly,  if  with  time  as  the  abscissa  and  the 
quantity  of  nutrient  element  absorbed  during  the 
growth  of  a  plant  as  the  ordinate,  graphs  are  plotted 
indicating  the  course  of  absorption  of  the  three  prin- 
cipal fertilizer  constituents,  nitrogen,  phosphorus  and 
potassium,  from  a  soil  to  which  a  "complete"  fer- 
tilizer has  been  added,  it  will  follow  from  Liebig's 
basic  assumption  that,  with  all  other  growth  factors 
constant,  the  graph  showing  the  course  of  absorption 
of  any  one  of  these  elements  from  a  fertilizer  con- 
taining only  two  of  them  would  be  displaced  from 
its  former  position  and  will  now  fall  below  it. 

The  observed  facts,  however,  were  not  always  in 
harmony  with  Liebig's  hypothesis.  For  example, 
from  Liebig's  assumption  it  should  follow  that  the 
relationship  between  the  supply  of  a  particular  plant 
nutrient  and  the  dry  matter  produced  would  be  one 
of  simple  proportion,  and  indeed  this  was  Liebig's 

1  Justus  Liebig,  "Chemistry  in  Its  Applications  to 
Agriculture  and  Physiology, ' »  third  edition,  1843. 

2  Justus  Liebig,  "Les  lois  naturellos  de  1 'Agriculture, 
2,  second  chapter,  1863. 
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conception.2  But  this  is  not  the  case,^'  ^'  ^  for  the 
curve  of  dry  matter  produced  plotted  against  nutrient 
supply  is  sigmoid  in  shape  and  not  a  straight  line 
having  the  x  and  y  coordinates  equal  to  one  another  as 
would  be  expected  if  Liebig's  deduction  held  true. 

Liebscher*''  su<rk^osted  the  substitution  of  his  "law 
of  the  optinuim"  for  the  ^'hiw  of  the  niininium."  In 
elTect,  this  is  that  the  plant  "is  able  to  utilize  to  a 
greater  extent  that  growth  factor  present  in  uiinimuni 
amount  the  more  the  other  factors  already  present 
approach  toward  their  optimum  values."  But  since 
water  was  the  only  growth  variable  tested  by  Leib- 
scher.  generalizations  are  hardly  possible. 

A  few  years  later  Mitscherlich^  announced  his 
"Gesetz  der  physiologischen  Beziehungen,"  according 
to  which  any  one  individual  growth  factor  can,  inde- 
pendently, increase  the  growth  of  all  others,  provided 
it  is  not  already  present  in  optimum  amounts. 
Mitscherlich's  "law"  has  been  variously  interpreted. 
Some  authorities  have  argued  that  it  furnishes  addi- 
tional support  for  Liebig's  "law  of  the  minimum" 
and  others  consider  that  Liebig's  and  Mitscherlich's 
views  are  irreconcilable. 

It  has  been  argued^  in  favor  of  the  retention  of  the 
"law  of  the  minimum"  that  as  shown  by  the  experi- 
ments of  Henrich,^  Langer^*^  and  LemmermannS  cer- 

8  A.  Hellreigel  and  H.  Wilforth,  Ztschr.  dcs  Vereins 
f.  d.  Biihenzucker-Industrie,  1888;  Arb.  Deut.  Landw. 
GeselL,  34:  18,  1898. 

4  H.  Weissmann,  Ztschr.  Pflanzenerndhr.  u.  Diingung, 

2A:    1—79    1923. 

5E.  J.  Russeli,  "Soil  Conditiona  and  Plant  Growth," 
p.  36,  fifth  edition,  1927. 

e  G.  Liebscher,  Jour,  fiir  Landw.,  43 :  49-216,  1895. 

7  Alfred  Mitscherlich,  Landw.  Jahriiicher,  56:  71-92, 
1921. 

8  O.  Lemmermann,  P.  Hasse  and  W.  Jensen,  Ztschr. 
Pflanzenerndhr.  u.  Dungung,  B7:  49-98,  1928. 

eR.  Henrich,  ''Diinger  und  Diingen,"  Preisschrift,  p. 
2,  third  edition,  1896. 

10  L.  Langer,  Jour,  fur  Landw.,  49 :  209-229,  1901. 


tain  applications  of  the  "law"  have  been  of  value 
in  explaining  to  the  farmer  certain  basic  principles 
of  manuring. 

No  direct  proof,  however,  against  Liebig's  "law  of 
the  minimum"  has  been  forthcoming  until  Lagatu  and 
Maume,^^  of  I'Ecole  Nationals  d' Agriculture  de  Mont- 
pellier,  in  a  series  of  brilliant  investigations  be<^nin  in 
1919,  showed  that  the  course  of  absorption  of  nitro 
gen,  i)hospli()rus  and  fjotassiufn  in  \hv  vine  was  irrci-- 
oncihible  willi  Liebiir's  "I;i\v."  Owin-:,  possibly,  to 
the  inaccessibility  of  some  of  the  journals  in  wliich 
these  investigations  have  been  published,  they  have, 
unfortunately,  passed  unnoticed  in  this  country. 

The  investigations  have  centered  upon  the  analysis 
of  the  leaves  of  vines  from  experimental  plots  treated 
with  "complete"  fertilizer  (N,  P  and  K)  and  with 
combinations  in  which  one  of  each  of  the  elements 
is  absent.  Plots  having  no  fertilizer  applied  serve  as 
controls.  Analyses  with  respect  to  N,  P  and  K  were 
made  at  regular  intervals  from  May  to  October  of 
each  year.  They  have  found  the  following  striking 
results : 

(1)  The  application  of  an  "incomplete"  fertilizer 
deficient  in  one  of  the  elements  N,  P  or  K  results 
in  an  increased  absorption  by  the  plant  of  the  other 
two. 

(2)  This  lack  of  balance  in  a  fertilizer  containing 

two  only  of  the  principal  fertilizer  constituents   (N, 

iiH.  Lagatu,  "Rapport  presents  au  Congres  d 'Agricul- 
ture r6gionale  du  Sud-Ouest, "  Toulouse,  Mai,  1922,  pp. 
3-21;  "Communication  au  Congres  de  1 'Association 
fran^aise  pour  I'avancement  des  Sciences,"  Montpellier, 
Juillet,  1922,  pp.  22-31;  Compt.  Bend.,  172:  129,  1921. 
H.  Lagatu  and  L.  Maume,  Compt.  Rend.,  179:  782,  1924; 
ibid.,  179:  932,  1924;  ibid.,  180:  1179,  1925;  "Communi- 
cation au  Congrds  des  engrais  azotes  de  synthase  h,  Mont- 
pellier," Juin  1,  1927,  pp.  1-15;  Extrait  des  Compt.  rend. 
Vacad.  d'agric.  France,  Avr.  6-Mai  11,  1927,  pp.  1-24; 
ibid.,  Juin  13,  1928,  pp.  1-15;  "Communication  faite  le 
22  Juin,  1928,  h  Bordeaux  au  Congres  intern,  du  vin  et 
du  pin  maritime,"  pp.  1-12. 
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P,  K)  may  be  so  great  that  the  relative  excess  of 
these  elements  will  "act  as  a  brake"  on  the  absorption 
of  the  one  omitted  to  such  an  extent  that  the  plant 
will  absorb  from  the  soil  containing  this  "incomplete^' 
fertilizer  less  of  the  missing  element  than  it  would 
from  the  soil  containin/j  no  fertilizer  additions. 

(3)  A  lack  of  nutritional  balance  resulting  from 
the  addition  of  an  unbalanced  fertilizer  results  (except 
in  the  case  of  N  deficiency)  in  decreased  yields.  This 
exceptional  behavior  of  nitroj^cn  is  explained  on  the 
basis  that  this  constituent  is  utilized  more  by  the 
leaves  than  by  the  fruit  (grapes).  Development  of 
the  stems  and  leaves,  however,  will  be  retarded. 

Both  (1)  and  (2)  above  are  contrary  to  Liebig^s 
"law."  Lagatu  and  Maume's  results  show  that  what- 
ever effect  the  absence  of  an  element  from  a  fertilizer 
has  on  the  yield,  it  is  not  due  to  a  depression  of 
absorption  of  the  other  elements,  but,  on  the  contrary, 
to  a  nutritional  lack  of  balance  due  to  increased 
absorption  of  the  remaining  elements. 

It  will  be  of  interest  to  know  if  the  remarkable 
results  obtained  by  Lagatu  and  Maume  in  the  case 
of  the  vine  will  be  found  to  be  true  also  for  other 
plants.  This  point  is  now  under  examination  for 
apple-trees  grown  under  controlled  conditions.^^ 

Walter  Thomas 
Department  of  Aoricultttral 
AND  Biological  Chemistry, 
Pennsylvania  State  College 

12  W.  Thomas  and  R.  D.  Aiitlionv,  Proc.  Am.  Soc.  Hort. 
Sci.,  pp.  81-87,  1926. 
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Honeywell,  H.  I].,  11.  Adams  Dltciiek  and  J.  O.  I'ly  (State  Colleoe, 
Pennsyla  ANL\).  Curative  Technique  in  Vitamin  A  Studies  as  Influ- 
enced by  Yeast  from  Various  Sources. 

Foui"  (■()Mi!ii('i"('i;il  \'';ist  ))r(-p;ir;it  ions,  (!;':iui;;ih>(|  '■(■spcct  i\»']y  as  I,  II, 
III  Jintl  1\  ,  \\<'f('  \\'(\,  m  \:iryinu-  ani(»iiii!>,  i.>  rat-  in  (Mir;t!i\('  tests  U)V 
vitamin  A.  \('asi  i  jxis^csscii  the  ant  i-xcropln  tiainiic  iacl'M"  hut  th(M'(* 
was  no  ('\  idciu'c  ot  t  he  presence  ft  l  he  ui'nv.  t  ii  pmiei  M  iriL::  pi'njx  rt  ie^  wliieli 
are  ('lutraetia'ist  ic  ( ■!  \iiannii  A.  \  ea^t  II  iinaiie  Itv  the  sair.e  e*an{)any, 
two  to  tlii'ee  yrars  latef)  possessed  nieastu'abie  amounts  of  the  ji;f()utli 
promoting  (A)  factor,  hut  })ractically  all  of  (ho  experimental  animals 
were  afflicted  with  xorophthalnua. 

xerophthalmic  properties  nor  was  there  any  eviden(!0  (d"  the  presence  of 
the  (vitanun  A)  p;rowth  factor.  AMien  two  drops  of  butter  fat  were  added 
at  the  end  of  the  p(M-iod,  after  the  body  stores  of  vitamin  A  wt^re  exhausted, 
the  growth  response^  stHMoed  to  be  de{)en{lent  on  the  kind  and  amount  of 
vitamin  A-free  yeast  used  as  the  source  of  the  vitamin  Ji  complex. 

Subsequent  studies,  in  which  these  yeasts  were  Uh\  in  varying  amounts 
during  a,  the  depletion  i)eriod,  and  h,  the  curative  pcM'iod,  have  led  to  the 
following  conclusions: 

1.  That  yeast  may  contain  vitamin  A. 

2.  That  some  evidence^  was  obtained  to  indicate  the  nudtiple  nature  of 
vitamin  A  but,  owing  to  the  exhaustion  of  the  supply  of  this  }-east  and  our 
inability  to  o})tain  additional  sami)les,  this  i)hase  of  the  work  could  not  l)e 
continued. 

3.  That  our  inability,  in  tlu^  past,  to  obtain  th(^  })roj)orf  ion  of  xerophthal- 
mia in  our  i"at  colonv  that  has  been  reported  by  other  workers  has  been 
explained. 

4.  That  the  rpiality  and  ([uantity  of  the  vitamin  B  com})l(\\  exerts  a 
definite  effect  on  growth  respon.se,  even  when  a  constant  source  of  vitamin 
A  (butter  fat)  is  supplied. 

5.  That  the  cpiality  and  quantity  of  the  vitamin  H  complex  in  the  pre- 
ventive and  curat iv(^  periods  infhience  the  growth  i-espons(»  (wIhmi  2  drops 
of  butter  fat  are  added)  in  a  manner  which  leads  us  to  Ixdieve  that  tlu^  size 
of  the  animal,  at  the  beginning  of  the  curative  period,  is  not  the  sole  ex- 
planation. 

6.  That  comparative^  (piantitative  dt^terminat  ions  of  V^itamin  A  in  foods 
are  not  possibh^  unless  each  ntnv  supply  of  yeast  is  tested  and  the  teehniciue 
standardizcMl.  We  have  obtained  dil'ferences  in  (an'ative  response,  on  2 
drops  of  butter  fat,  which  vary  from  100  to  oOO  per  cent,  dej)ending  upon 
the  kind  and  amount  of  yeast  ingesti^d;  for  exampl(>,  0.2  gratu  of  yeast  IV 
was  superior  to  0.()  gram  of  yeast  I. 
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HE  investigations  described  in  this  paper  are  a  continuation  of  our 
work  on  the  vitamin  content  of  raw  and  evaporated  milk.  Previous 
papers  have  dealt  with  the  amount  of  vitamin  \  and  nf  tV.^  r  c^yy^ 
plex  found  in  the  milk  of  the  Pennsylvania  State  College  herd,  and  in  the 
evaporated  milk  made  therefrom.  The  present  data  represent  an  attempt 
to  evaluate  the  ossifying  potency  of  whole  and  treated  milk. 

In  regard  to  the  antirachitic  potency  of  milk,  published  data  exhibit  con- 
flicting results.  Steenbock,  Hart,  Hoppert  and  Black  (1),  using  their  yel- 
low corn  ration  (No.  2965),  found  that  12  cc.  (daily)  of  cows'  milk  were  the 
minimum  requirement  for  the  healing  of  rickets  in  rats.  Luce  (2)  reported 
that,  2  to  5  cc.  of  milk  from  pasture-fed  cows  would  prevent  rickets  in  rats 
fed  on  the  McCollum  ration  (No.  3143),  but  that  15  to  20  cc.  of  milk  from 
cows  kept  in  the  dark  were  ineffective.  Hess  and  Weinstock  (3)  stated 
that,  in  an  experiment  of  the  preventive  type,  20  to  25  cc.  of  milk  prevent- 
ed rickets.  Outhouse,  Macy  and  Brekke  (4),  using  the  Osborne  and  Men- 
del rachitogenic  ration,  and  a  curative  technique,  found  that  ''30  cc.  of 
cows'  milk  fed  daily  for  7  days  induced  marked  healing  of  rachitic  lesions 
in  rats."^  DifTerences  in  the  environment  and  feeding  of  the  cows  as  well 
as  in  rations,  in  animals,  and  in  the  experimental  technique,  make  explana- 
tion of  these  conflicting  results  difficult. 

In  the  present  experiments  the  milk  came  from  the  college  certified  herd 
which  is  kept  under  conditions  carefully  standardized  as  to  rations,  exer- 
cise and  light.  As  described  in  our  previous  papers  (5,  6),  the  evaporated 
milks  were  made  from  the  same  sample  as  the  raw  milk  fed,  and  under 
conditions  approximating  those  used  in  commercial  practice.  In  this  way 
the  evaporated  milks  could  be  tested  before  and  after  sterilization.  From 
June  until  January  five  kinds  of  milk,  raw  (RM),  vacuum  evaporated  (VE) 
^;»i^vaporated-sterilized  (VES),  air-evaporated  (AE),  and  air-evap- 

Statill"^!r''r-  ^"'^^"^^^  ^y  '^'  ^•'•^^tor  of  the  Pennsylvania  Agricultural  Experiment 
station  as  technical  paper  No.  480. 
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:.  .  'V  A  (^V^^  were  fed  Before  feeding,  the  evaporated  milks 
:r  d^X^t  hf  clX;^  of  the  raw  .il.s  in  order  to  co.pa.e 
rhem  with  equal  volumes  of  the  raw  certified  milk  from  which  they  were 

"  The  animals  were  chosen  carefully  from  the  "  Penn  Stat,  strain"  of  pied 
,,  r  .ared  in  this  laboratory  on  a  diet  the  consftuents  o  whu-h  have  no 
;  en  varied  for  several  years  (7).  Each  animal  ^^^^^^ 
case  and  given  the  Steenbock  yellow  corn  ration  (No.  296",)  (8)  for  21  days, 
Z  the  prescribed  volume  of  milk  in  separate  doses  ^^''y ;  ^f  -^  -; 
ditions  w  re  uniform  throughout,  and  no  sunshme,  even  through  glass  wa 
allowed  to  fall  on  the  cages.  Equal  numbers  of  male  and  fema  e  rat  ,  21 
":  ,  ,  J  .^.^^hin"  b-^ween  .^6  and  42  erams,  were  evenly  distrib- 

S  t°  rrghtt  :het;erten;.-  At  this  ag;  the  amount  of  ash  in  the 
demurs  of  our  experimental  animals  averaged  about  ^V^^^J^^ 
end  of  the  21-day  feeding  period,  the  rats  were  kdled  with  ether  and  e™ 
ined  carefully  for  beading  of  ribs,  enlargement  of  joints,  and  softne  s  of 
bones     The  right  humerus  was  preserved  for  the  line  test  of  McCoUum 
and  co-workers  (9),  and  the  femurs  were  removed  for  ashing  according  to 
"r  previous  technique  (7).  The  bones  were  dried  at  constant  temperature 
in  the  electric  oven  for  24  hours,  extracted  with  95  per  cent  alcohol,  and 
again  with  ether  for  the  same  length  of  time,  dried,  and  ashed  m  a  muffle 
furnace  at  about  600°  C.    On  the  basis  of  the  dry  extracted  bone  the  per- 
centage of  ash  and  the  ratio  of  ash  to  organic  matter   (A/R)   were 

calculated.  ,      ,  ,  ,^,  ^^__- 

The  data  are  summarized  in  Table  I.    The  bone-ash  recorded  rep  e- 
sents  group  averages  and  when  distinct  groups  were  fed  the  same  quantit 
of  milk  at  different  seasons,  the  averages  are  given  separately  and,  later 
together.  The  raw  milk  was  fed  in  5,  10,  12,  15,  and  20  cc.  portions    The 
5  and  10  cc.  doses  produced  a  bone-ash  of  35  and  39  per  cent,  respectively, 
and  both  were  below  the  original  42  per  cent  level  of  the  bone-ash  m  th 
femurs  at  the  time  when  the  animals  were  placed  on  the  expenmenta 
diet     The  addition  of  12  cc.  of  raw  milk  raised  the  bone-ash  to  434  per 
cent,  which  is  higher  than  the  original  level  and  yet  not  so  high  as  the  ash 
(S3  per  cent)  produced  in  animals  of  the  same  age  which  have  been  lea 
on  the  stock  ration  for  the  same  length  of  time.   Since  5  and  10  cc  ot  raw 
milk  (daily)  did  not  increase  the  bone-ash  and,  since  the  ingestion  of  2U  cc. 
was  very  difficult  for  such  small  animals  during  the  first  part  of  the  teeo- 
ing  period,  10,  12  and  15  cc.  quantities  were  chosen  as  the  levels  at  whicn 
the  evaporated  milks  were  to  be  fed. 
The  milks  were  fed  from  June,  1926,  to  January,  1927,  and  during  Juiy, 
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1927,  the  experiment  was  continued  as  before  with  the  exception  that 
equal  amounts  of  milk-ash  were  fed  to  ascertain  the  contribution  made  by 
the  minerals  alone.  The  seasonal  variations  in  ossification  were  not  marked 
in  animals  receiving  10  cc.  except  in  the  group  receiving  raw  milk,  which 
may  have  been  due  to  the  feeding  of  small  amounts  of  green  feed  to  the 
college  her<l  in  June,  the  month  in  which  one  of  the  two  determinations  on 
raw  milk  was  made.  On  the  12  cc.  level  seasonal  variations  were  evident, 
in  all  the  experimental  groups  in  which  two  seasons  were  represented,  and 
since  in  each  case  July  was  one  of  the  months  represented  in  the  group, 
the  ration  given  to  the  cows  may  account  for  the  difference  in  the  ossifying 
potency  of  the  milk.  This  coincides  with  the  experience  of  Luce  (2)  who 
found  greater  "antiricketic  value"  iu  milk  from  the  same  cowwhen  she  was 
pasture  fed  than  when  eating  a  dry  ration. 

The  experimental  milks  were  fed  at  the  10  cc.  level  and  the  percentages 
of  bone-ash  obtained  were  as  follows:  RM  38.3,  VE  33.4,  VES  27.8,  AE 
29.5,  AES  25.5.  When  12  cc.  were  fed,  the  percentages  of  bone-ash  were 
RM  43.4,  VE  39.3,  VES  38.1,  AE  35.0,  AES  34.8.  At  the  15  cc.  level,  the 
percentages  of  bone  ash  produced  were  RM  and  VE  44.8,  VES  44.1  AE 
42.5,  and  AES  40.3.  The  differences  between  the  milks  are  less  marked  at 
this  level,  possibly  because,  with  this  quantity,  both  the  minerals  and  the 
calcifying  potency  of  the  milk  are  increased  to  the  point  where  deposition 
is  equal  or  superior  to  loss  of  bone  salts. 

According  to  Daniels  and  Loughlin  (10),  some  of  the  differences  between 
the  evaporated  and  raw  milks  may  be  due  to  the  mechanical  removal  of  a 
portion  of  the  mineral  salts  from  the  milk  by  the  evaporation  process 
i-vaporated  milks  made  from  the  same  original  sample  by  the  vacuum 
method  and  by  the  air-evaporation  method,  when  fed  in  the  same  amounts 
produce  a  distinct  and  different  lowering  of  the  bone-ash.  A  difference  in 
he  method  of  evaporation  might  produce  a  difference  in  the  mineral  con- 
tent and,  therefore,  a  difference  in  the  amount  of  ash  in  the  bones  of  ani- 
mals to  which  the  two  types  of  milk  were  fed,  but  when  especial  care 
was  taken  to  prevent  the  loss  of  minerals  by  the  use  of  glass  containers, 
s  enhzation  again  produced  a  lowering  in  the  bone-ash.   Therefore,  some 

he  variations  in  the  bone-ash  may  have  been  due  to  loss  of  antirachitic 
potency  as  well  as  to  direct  loss  of  minerals  in  the  evaporation  process. 

cent     ^T'^^^  °^  *'''  ^"™^''  ^"'^  2°  "'^-  °f  '""^  '"'"'  averaged  48.8  per 

Kr,       .1  fx  "  "'''"■'^  ^  "°™^'  ^^'"^  ^"^  agrees  with  the  statement  of 

nor^l  K  ^'  f '"^  ^-^  ^'"-  ''^  ^"""  ^^^'  *^^t  23  cc.  milk  are  required  for 

ormai  bone  formation  in  rats  fed  a  rachitic  ration.    Our  data  on  20  cc 

aw  miik  and  on  evaporated  milks  are  not  in  agreement  with  Daniels 
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J  T    ^      nj\  hut  owing  to  lack  of  detailed  data  in  their  preliminary 
and  Jordan  (12),  but,  owing  lo  ,    •         ^e  are  unable  to  explain 

.port  and  ^^e  apP-nt  djffere^^^^^^^  ^^^  ^^^^„,  ^,  ^„. 

the  discrepancies  at  the  P;«^^'^\7""J  ^^^^  ^^,^  than  that  observed 

^'^f ''^^"";r;:n"  inT  virraa  Jtluheir  milk  samples  with  u,- 
;?.Sfh:ht'  as' r„Jur  experience  that  it  is  often  necessa,-,. 
;;:;i  vital  at  the  "threshold-  level  in  order  to  note,  wUh  certauUy, 

;tc  ^nsrentibilitv  to  heat  treatment.  c       t     r 

I'det  rm  ne  the  effect  of  the  minerals  alone  on  the  rate  o   oss.  .caUon 
sample    0    rTw    vacuum-evaporated,  and  vacuum-evaporated-stenhzed 
;'.73     e     aXd.   The  ash  was  dissolved  in  dilute  hydroch  one  acid  anu 
i:  up  with  distilled  water  to  the  oHsinal  volume  o^^ 

lllIirtttl^aircLr^^^^^^^^^ 

Un;:rtu;itely.  at  this  time,  --evaporated  milk  samp.es  -re  n^^^^ 
able  since  the  evaporator  had  been  removed  from  the  dairy  plant  on 
sumTt  on  that  no  more  milk  would  be  needed  for  th-xpenmen t 
The  results  of  the  feeding  of  the  milk  ash  are  shown  -  Ta^le  L  Jf  ^^"^ 
nf  thP  rats  which  received  ash  from  raw  milk  averaged  36.3  per  cent,  V  per 
nUow     rhan  th    r  litter  mates  which  were  fed  the  same  volume  of  ra.v 
^r:Sk    The  separate  groups  of  animals  which  -eived  the  two  evapora^^^ 
milks  yielded  approximately  the  same  bone-ash,  33.8  and  33.7  per  cem 
Te  difference  bTtween  the  results  given  by  ^^^^  -cuum.vapora  e    m^^^^^ 
and  the  same  milk  sterilized  is  practically  negligible.    T^e  three  groups 
which  received  milk  ash  produced  a  bone-ash  -h^h  does  no    differ  mat^^ 
rially  from  that  obtained  with  the  air-evaporated  milks  sterilized  and  un 
steriUzed.  These  are  the  samples  on  which  the  greatest  amount  of  injury 

'IcTordlng  to  Chick  and  Roscoe  (13), "  The  larger  variations  in  bone  com- 
poti  ion  seem  to  be  confined  to  the  water,  fat,  and  mineral  const.uan 
!t  seems  probable  that  the  value  of  the  ratio,  mineral  ash:  -gan  c  r  sMu  . 
„,ight  after  all  be  the  most  trustworthy  guide  to  the  efficiency  o  th   pr 
ess  of  calcification."    Therefore,  the  A/R  ratios  were  calculate,      nda^ 
given  in  the  table.   Compared  with  the  percentage  of  bone-ash  thty  sho 
L  same  general  trend,  i.e.,  as  the  amount  of  bone-ash  grows  larger, 

A/R  ratio  increases.  .-lorrpViad 

The  line  tests  showed  that  the  wide  and  irregular  bands  of  cartilage  haci 
little  or  no  deposition  of  calcium  salts  in  the  provisional  ^o"^  ^f  ca  cihc 
tion  at  their  base.  As  the  cartilage  bands  became  narrower  and  straighte^ 
the  line  at  the  bases  became  heavier,  showing  that  calcium  salts  had  bee 


Jan.,  1930 

HONEYWELL,  BUTCHER  AND 

DAHLE                     255 

Table 

I 

cc. 

Month 

No.  of 
animals 

Bone  Ash 
per  cent 

A/R 

M 

ean 

Line  test 

Milk 

Ash 

A/R 

cartilage  band 

RM 

5 

June 

8 

35.2 

.542 

35.2 

.542 

10 

June 

Dec. 

7 

8 

40.0 
.^6.9 

.667 

.584 

.^H.3 

.622 

Wide     f;iirly 
regular 

12 

I  )ec. 

12 

41.7 

.716 

43.4 

,775 

Wider  than  nf^rnrd 

July 

10 

45.5 

.846 

bone-    re^Uil.'ir 

<E]J  Ash) 

12 

July 

10 

.-;6 .  .\ 

.572 

36.3 

.572 

Wide     irregular 

e 

15 

Aug. 
Oct. 

10 
4 

44.9 
44.6 

.817 
.805 

44.8 

.812 

Narrower  than  12  cc. 
RM— regular 

20 

.vug. 

o 

4o.o 

48 . 8 

Xeariy  like  normal 
bone — regular 

VE 

10 

Sept. 
Dec. 

9 

6 

34.2 
32.2 

.521 
.475 

33.4 

.502 

Wide— irregular 

12 

Jan. 
July 

10 
10 

36.9 
41.7 

.586 
.716 

39.3 

.651 

Wider  than  12  cc. 
RM — regular 

(VKAsh) 

12 

July 

10 

33.^ 

.513 

33.8 

.513 

W  ide     irregular 

15 

Oct. 

9 

44.8 

.812 

44.8 

.812 

Wider  than  15  cc. 
RM— regular 

VES 

10 

Sept. 
Dec. 

10 
6 

27.7 
27.9 

.384 
.395 

27.8 

.  3f<R 

Very  wide- 
irregular 

12 

Jan. 
July 

10 
10 

35.4 
40.7 

.548 
.688 

38.1 

.618 

Wider  than  12  cc. 
VE— irregular 

iVESAsh) 

12 

July 

10 

33.7 

.511 

33.7 

.511 

\'ery  wide — 
irregular 

15 

Oct. 

10 

44.1 

.778 

4-1.1 

.778 

Wider  than  15  cc.  \E 

AK 

fairly  regular 

10 

Sept. 
Dec. 

10 
6 

29.3 
29.8 

.414 
.432 

29.5 

.420 

Very  wide — 
irregular 

12 

Jan. 

10 

35.0 

.540 

35.0 

.540 

Wider  than  12  cc. 
RM — irregular 

15 

Jan, 

10 

42.5 

.743 

42.5 

.743 

Wider  than  15  cc. 
RM — regular 

AES 

10 

Sept. 
Dec. 

9 

5 

25.4 
25.8 

.340 
.351 

25 . 5 

.H4 

\'ery  wide — 
irregular 

12 

Jan. 

10 

34.8 

.534 

34.8 

.  534 

Wider  than  12  cc. 
AE — irregular 

15 

Jan. 

10 

40.3 

.673 

40.3 

.673 

Wider  than  15  cc. 
AE — fairly   regular 

1^  reeding 
ration 

52.9 

1.12 

Narrow  band — 
very  regular 

0 


;j 
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laid  down.  This  band  became  narrower  and  more  regular  as  the  A/R  ra- 
tio and  the  percentage  of  the  bone-ash  increased. 

Summary 

Prophylactic  experiments  are  described  in  which  millc  was  added  to  a 

rachitic  diet.    Evaporated  milks  made  by  vacuum  and  aeration  methods 

were  fed  at  different  levels  in  direct  comparison  with  the  raw  m,lk  from 

which  they  were  made._  A  slight  seasonal  variation  .s  shown  m  both  the 

raw  and  evaporated  milks.  ,    .     r  .i 

The  ossifying  potency  of  the  treated  milks  is  less  than  that  of  the  raw. 
Vacuum  evaporation,  aeration,  and  sterilization  tended  to  decrease  the  os- 

bifving  potency  of  raw  milk. 

Lh  equivalent  to  12  cc.  of  raw,  vacuum-evaporated,  and  vacuum-evap- 
orated-sterilized milk,  was  fed  in  comparison  with  the  original  samples. 
In  all  cases  the  milk-ash  showed  less  ossifying  potency  than  the  milks  from 
which  they  were  obtained,  indicating  that  a  part  of  the  calcifying  proper- 
ties of  the  various  milk  samples  must  have  been  due  to  the  presence  of  v.- 

tamin  D.  .,     ,  i.    •  i,  :„  ,,; 

The  data  obtained  indicate  that  the  milks  described  are  not  rich  in  vi- 
tamin D  While  commercial  methods  of  evaporation  and  sterilization  evi- 
dently affect  the  ossifying  potency  of  milk  to  an  appreciable  degree,  no 
attempt  has  been  made  to  differentiate  between  mineral  loss  and  vitamin 
D  destruction. 
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THE  COMPOSITION  OF  NORMAL  RAT  BLOOD.* 

By  ARTHUR  K.  ANDERSON,  HANNAH  K.   HONIOYVVIILL. 
ALBERT  C.  SANT\  ,  and  SVENI)   PKDER.S1':N. 

(Fnnn  thi    l)(  /xjrtnn  nt  of  .\</ric  ull  u  ral  tind  lii(>lo,/ical  Chrniisfri/. 
}'f  /i/isi/lrd/i/d  Sidfr  Colli  (j(,   Sldtr  Colhiji  .) 

\\{vvv\\vi\  for  publication,   Xovt'inixT 'J7.   1920.) 

A  review  of  the  literature  on  the  composition  of  rat  blood  shows 
that  very  little  work  has  been  (Ion(>  in  this  field.  In  1913  Fohn 
and  Morris  (2)  pubHshed  data  on  the  uric  acid,  non-protein  nitro- 
gen, and  urea  content  of  rat  blood.  Tn  thoir  work  the}'  used  the 
mixed  blood  of  six  normal  rats  and  found  2  nig.  of  uric  acid,  38  mg. 
of  non-protein  nitrogen,  and  22  mg.  of  urea  per  100  cc.  of  blood. 
The  urea  value  expressed  as  urea  nitrogen  would  be  10.25  mg. 
Voegtlin,  Dunn,  and  Thompson  (5),  in  1924,  found  an  average  of 
113  mg.  of  sugar  per  100  cc.  of  blood. 

In  this  paper  we  present  the  data  obtained  from  the  analysis 
of  the  blood  from  twenty-eight  normal  and  three  abnormal  rats. 
Because  of  the  small  quantity  of  blood  obtainable  from  a  rat,  it  was 
impossible  to  make  a  complete  analysis  of  the  blood  of  any  one  rat, 
80  the  animals  were  divided  into  two  groups.  With  Group  I, 
sugar,  non-protein  nitrogen,  creatinine,  and  creatine  plus  creati- 
nine were  determined.  With  Group  II  urea  nitrogen,  uric  acid, 
and  sodium  chloride  were  determined. 

In  all  the  work  here  reported  blood  from  individual  rats  was 
analyzed.  To  obtain  the  blood  samples  the  animals  were  de- 
capitated, care  being  taken  to  excite  the  animals  as  little  as 
possible.  Lithium  oxalate  was  used  to  prevent  clotting.  Each 
animal  was  later  autopsied  to  note  any  evidences  of  disease.  The 
methods  used  for  the  determination  of  sugar,  non-protein  nitrogen, 
creatinine,  and  creatine  plus  creatinine  were  those  of  Folin  and  Wu 
^3,  4).     Because  of  the  high  non-protein  nitrogen  content,  5  cc. 

*  Published  by  permission  of  the  Director  of  the  Pennsylvania  Agri- 
cultural Experiment  Station  as  technical  paper  No.  492,  Journal  series. 
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Composition  of  Rat  Blood 

TABLE  I. 
Composition  of  Rat  Blood.     Group  I. 


The  composition  is  expressed  inmg^per  100  cc.  of  blood. 


Rat  No. 


Sex. 


Breed. 


361 
'MM 
349 
336 


Male. 
it 

Fcnial'.' 
Male. 


a 

3 

•>' 

4 

Albino. 

5 

Average  of  four  rats  3  to  5  mori.  old 

I 

Male. 


310 
266 
294 

282 
281 


Average  of  ten  rats  6  to  10  mos.  old 


131 

Male. 

145 

Female 

118 

(( 

M 


Average  of  three  rats  13  to  16  mos.  old 


Average  of  three  rats  with  bad  lungs  . 


Average  of  seventeen  normal  rats.   . 
"  fourteen  "        males. 

"  "  three  normal  females..    . 

« 


"  four  albino  rats 
"  thirteen  pied  " 
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of  the  ammonium  sulfate  standard  solution  were  used  instead 
of  the  3  cc.  usually  recommended.  In  the  detennination  of  urea 
nitrogen  an  aeration-Nesslerization  method  was  employed,  5  cc.  of 
the  Folin-Wu  filtrate  bein^  used  for  analysis.  Uric  acid  was 
determined  by  I^enedict's  (1)  direct  method  and  chlorides  by  the 
method  of  Whitehorn  (0). 

Tal)le  I  summai'izes  the  data  collected  with  (Iroup  I.  The 
results  are  arran,a,('d  in  ordei"  according'  (o  the  a^e  of  th(i  animnls 
.•iiid  .'ixcmm's  arc  iii\<'ri  ior  tbc  dilTcccnt  a^c  ,iir()ii|)s,  for  iiialc  and 

'1'  \iua:  11. 

(Jinn  p<i:.i  t  ■  UK    (if  l\\il    JUin,,},       (I'l-miji   //. 

The  composition  is  i-xpressed  in  nij;.  per  lOU  cc.  of  bli^od. 


Rat  No. 

Sex. 

Hr<>.'(l. 

A-e. 

Lre:i  X. 

l.'ric  lu'id. 

N:iCl 

■>nos. 

4277 

Male. 

Pied. 

3 

18.3 

668 

a 

Albino. 

10.5 

1   39 

477.0 

a 

Pied. 

10  3 

it 

(( 

14.3 

1 .  35 

502  8 

u 

u 

7 

14  5 

u 

u 

7 

9  9 

627 

i( 

<< 

8 

15  2 

1  92 

472.8 

599 

Female. 

a 

9 

20  0 

2.12 

550  7 

600 

Male. 

(( 

9 

14  2 

2  12 

524  0 

555 

a 

a 

13 

15  2 

1  09 

507  0 

507 

Female. 

Albino. 

10 

It)  2 

2  40 

572  0 

Average 

15  0 

1.80 

515  2 

female,  and  for  albino  and  pied  rats.  Ta})le  I F  records  the  results 
obtained  with  (iroup  If.  J-^ecau.se  of  the  small  nund)er  of  individ- 
uals, no  attempt  has  been  made  to  divide  them  into  groups. 

An  inspection  of  Tables  I  and  11  shows  that  in  most  respects 
rat  blood  is  cjuite  similar  in  composition  to  human  blood.  The 
most  noticeable  exception  is  in  the  case  of  non-protein  nitrogen 
where  the  averajz;e  value  is  considerably  above  that  for  human 
blood.  Blood  su^ar,  urea  nitrogen,  and  chloride  values  are  slightly 
higjher  than  one  finds  in  normal  human  blood.  In  connection 
with  the  values  given  for  uric  acid  it  should  b(^  noted  that  these 
possibly  do  not  represent  true  values  for  this  constituent  since  the 
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method  used  is  said  by  the  author  to  be  appUcable  only  to  human 
blood.  Whether  or  not  this  method  is  applicable  to  rat  blood 
remains  to  be  determined. 

From  Table  I,  where  average  values  are  given  for  various  age 
groups,  male  and  female,  and  albino  and  pied  rats,  it  is  evident 
that  there  is  very  little  variation  in  the  various  groups.  Blood 
sugar  values  decrease  slightly  with  age  and  females  give  a  lower 

average  than  inak^s. 

On  autopsy,  three  nits  in  Oroup  I  were  found  to  n:iv(>  biidiy 
infected  lungs.  Since  the  blood  from  these  animals  showed 
marked  deviations  from  the  normal,  with  respect  to  sugar  and  non- 
protein nitrogen  values,  the  results  are  includ(Ml.  The  averagr- 
blood  sugar  value  for  this  group  is  over  twice  that  for  normal  ani- 
mals. Non>protein  nitrogen  values  are  definitely  higher  than  the 
normal. 
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THE  EFFECT  OF  COLLOIDAL  SILICA  ON 

THE  ABSORPTION  OF  PHOSPHORIC 

ACID  BY  PLANTS 

RKi'LYlNfi"  to  a  criticisiu  ol'  T'isIut'  coiicerniiii:;  the 
inter])retati()n  oi'  the  ctTcct  of  sodium  silicate  in  in- 
creasing the  assiniilatiftn  oi'  pljosphoric  acid  l)y  h;irlev 
in  the  Rothamsted  held  exjx'riiiients,  ilnll'  su^^ests 
that  an  explanation  of  the  phenomenon  may  he 
sought  in  the  colloidal  behavior  of  the  sodium  silicate 
in  accordance  with  the  theory  advanced  by  Comber.^^ 
The  laLler  luainLains  thai  the  soil  colloids  play  an 
important  role  by  being  directly  absorbed  by  plants 
through  the  formation  of  a  one  phase  system  between 
the  colloidal  coating  of  the  plant  root  hairs  and  the 
colloidal  coating  of  the  soil  particles.  This  proposed 
modification^  of  present  views  by  Comber,^  however, 
has  been  critically  discussed  by  the  writer,'*  who  has 
shown  that  the  weight  of  existing  evidence  does  not 
support  the  theory  of  the  absorption  of  colloids  by 
plants. 

There  is  ample  evidence,'^- ^''^•*^  moreover,  to  dis- 
prove the  view  that  silica  may  act  as  a  substitute  for 
phosphoric  acid  in  the  metabolic  processes — it  is  not 
"phosphorsiiuresparend";  nor  can  the  view^  that  the 
observed  effect  is  due  to  the  improvement  in  the  phys- 
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ical  condition  of  the  soil  withstand  critical  investi- 
gation ^o      Relative    to    the    alternative    explanations 
presented   by    Hall    and    Morison,^    certain    authori- 
ties^'«•«  have  concluded  from  the  increased  quantity 
of  phosphoric  acid  per  dry  weight  of  the  crop  that 
the  beneficial   v(M   of  silica  is  due  to  the  i.u-rcas.d 
availabilitv   resulting   from  an   increase  in   thr  Mi.an- 
titv  of  phosphoric  acid  in  the  soil  sohU.on.     (hie  and 
Smith'^    and    also    Lemmermann^    concluded   that    tins 
action  IS  a  solvent  one  on  the  soil   phosphates.     Tlie 
former^   substantiate  their  conclusions  from  experi 
ments  (albeit  in  vitro)  which  showed  a  greater  solu- 
bilit"  of  rock  pbosphatp  in  the  presence  of  silica  gel, 
wherers  the  lat^ter«  recognizes  \hat  the  explanation 
just  advanced  is  incomplete.     The  fact,  however,  that 
plants   can   thrive   in   extremely   dilute   solutions   ot 
phosphate  ion  if  the  supply  is  maintained"--  even 
as  low  as  0.25  p.p.m.-  proves  that  the  solvent  effect 
of  silica  on  soil  phosphates,   as  suggested  by  these 
investigators,  is   a   negUgible   factor  compared   with 
the  other  more  powerful  solvent  forces  present. 

The  seat  of  action  ultimately  must  be  in  the  plant 
itself,^   for  the  absorption   of  ions  by   the   plant  is 
conditioned  by  the  equilibrium  conditions  prevailing 
in  the  interface  of  the  system  composed  of  the  ions 
in  the  plasma  membrane  of  the  root  hairs  and  the 
ions  of  the  soil  solution.     Now,  in  a  system  contain- 
ing  a   non-diffusible   ion-Si03=   in    the   case   under 
discussion— a  marked  effect  is  exerted  on  the  distri- 
bution of   diffusible  ions   on   either  side  of  the  cell 
membrane.      A    non-diffusible    electro-negative    ion, 
such  as  a  colloid  micelle,^  will  produce  a  greater  con- 
centration  of   diffusible   electro-negative   ions  and   a 
10  O    Lemmermann,   Ztschr.    Pflan::enrrnahr.    u.   Diinrj 
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lower  concentration  of  electro-positive  ions  on  its  own 
side   of  the   membrane  than   on  the  other.     A  non- 
diffusible  electro-positive  ion  will  produce  the  oppo- 
site effect.     According  to  the  Gibbs-Donnan  distribu- 
tion   law^''^"^    at    equilibrium    the    product    of    the 
concent  r;il  ions    of    cncli    pair    of    o[)})osit(-Iv    charged 
dil't'u.sihlc  ions  is  the  saiiic  on   bnth  sides  of  the  nu'ni- 
hrane.      Hence,    in   the  system   under  consideration   if 
X    an«l    y    cepresent    the    molar    concentrations    of    the 
diffusible    11    and    I'O^   ions,   resp«M-t ively,  on  each  side 
of  the   interface  considered,  and  z  the  concentration 
of   tlie   non-diffusible    SiO^   ions,   then,   according   to 
the  Donnan  principle,  displacement  of  the  diffusible 
ions  takes  place  in  such   a   way  that  at  equilibrium 
x  =  y(y4-z).     It  follows  that  the  greater  the  concen- 
tration   of    non-diffusible    anions     (Si03")     present, 
the    greater    must    be    the    absorption    of    diffusible 
anions    (POf  )    into    the    cell.      The    equation    also 
shows  that  x  and  y  are  equal  only  when  z  =  0.    Practi- 
cally, there  is  a  limit  to  the  amount  of  silica  that  might 
I)e  added,  because  of  the  coating  of  the  root  hairs  and 
other  i actors.'     ()l)\iously,  the  Donnan  effect  will  be 
restricted  by  the  presence  of  diffusible  xSiO.,yH,.0 
ions,  some  of  which  will  be  present  in  the  solution.'* 

The  experiments  of  Butkewitsch  and  Butkewitsch  ■ 
with  collodion  membranes  and  also  with  maize  plants 
grown  in  Pfeiffer's  nutrient  solution  with  and  with- 
out phosphoric  acid  to  which  different  amounts  of 
silicic  acid  were  added  afford  the  first  experimental 
evidence  in  support  of  the  interpretation  just  sub- 
mitted. 

It  is  realized  that  the  Gibbs-Donnan  distribution 
law  may  not  suffice  to  ex{)lain  all  the  facts  connected 
with  the  absorption  of  ions  from  the  soil  solution  by 
the  plasma  membrane  of  the  root  hairs  of  plants, 
foi-  the  Donnan  principle  a])plies  to  free  ions  only. 

I'F.  (J.  Donnan,  /Asclir.  far  EUll nxln  m.,  17-  57"-- 
581,  191).  ,         .         - 
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From  Wright's  investigations;'  o''.  tl^;-— ,,f 
the  high  an^ounts  of  calcum  -  ^Z^'^^n    t  ^^o. 

timely  low  «»--'-'7^!  r/;,*^',  g"e  of  dissociation 
plasma,  it  '^.'^PP^"*  ^''^fji  into  consideration 
of  the  prote  n  salts  must  be  taKen  into 
"Lrsmce  these  ions  are  present  in  the  cell  m  ada,- 
S    r  those  which  entered  to   satisfy   the   product 

X:l..    The  pla.  ..11  .^  P^PJ-  ^':;i3 
this  starting-point  Bnggs  and  1    trie  ,,ji^„ 

that   the    apparent    internal    ionic    product   rc.ult  n„ 
rom  the  collective  effect  o£  all  the  phases  within    he 
ss^et  this  polyphase  system  -*  have^,^^^f  ^ 
V  -"P  ^h-n  ^hat  of  the  external  medium.    It  must  Dt 
;:;uf^na.  howeve.  that  deductions  from  expe^. 
n,ents"'»'"   in   isolated   tissues   or  cells   of   plants, 
«h   supplying   valuable   information    m^   no 
necessarily  conform  to  the  behavior  of  the  plant  as 
Twhole.     Herein,  from  the  plant  physiology  stand- 
pott   lies  the  value  of  the  type  of  experiments  car- 
ried out  by  Butkewitsch  and  Butkewitsch  _ 

It  remains  only  to  be  pointed  out  that  in  the 
Rothamsted  experiments  sodium  silicate,  a  salt  show- 
ing a  strong  tendency  to  hydrolyze,  was  "^ed  ^^'^^'''^-^ 
Tn'the  other  experiments  cited  in  this  PaP-  *«  -'  - 
was  added  in  the  form  of  sihcic  acid  gel.  The  effect, 
therefore,  of  hydrogen-ion  concentration  on  the  mo- 
bility of  ionic  pairs  must  also  be  considered. 
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Ice  Cream^s  Place  in  the  Human  Diet 

Bv  R.  Adams  Dutciier, 
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iMiiiii  tlu-  ■>tan<Ii)niiit  (»l  nuli-iiidiial  i\',->r;n"c-li,  tin-  siorx'  n  i"  tlie 
(l(.'\i!uj)niciil  ot  niir  knowlcdL;;.'  rc^ardiiii;  {\\v  imiritixc  wihic  nt"  ice 
cream  is  naturall\-  tin'  .storx-  ot  liic  (Icwlopnu'iil  nf  our  Isik  iw  Icd^e 
ri.'L;ardinL:  llu-  nutritixa'  \-alnf  n\  milk  and  it^  i»ni(!u(a--.  Ii  wall  kc 
iiecc^san'  Iih'  inc.  iJRTL-lorc,  to  dwell  to  a  con^nka-alilc  (.'.xtciit  mi 
research  work  which  ha.s  led  us  to  a  more  pcrt'cct  ajiprcciation  of 
the  nutritive  vahie  of  milk. 

T  «;linnhl  like  therefore  to  R<-;k'  vf>ii  to  o-o  \v\ih  mo  for  n  f<^\v 
minutes,  back  to  the  beginnings  of  our  knowledge  of  milk  and  its 
products.  We  will  watch  the  chemist  and  the  biochemist  gradu- 
ally unravel  some  of  the  knotty  problems  that  have  been  luiffling 
scientists  for  many  years.  Wdien  we  are  able  to  tear  milk  apart 
into  all  of  its  components  and  feed  and  study  these,  we  will  dis- 
cover why  the  dairyman  and  ice  cream  dealer  can  well  be  proud 
that  they  are  producing  and  dispensing  products  of  such  health 
producing  qualities.  As  a  scientist  I  have  often  had  difhculty  in 
understanding  how  salesmen,  manufacturers  and  dealers  could 
enjoy  selling  many  commodities  that  are  sold  on  the  market.  I 
can  understand,  however,  how  a  man  can  be  most  happy,  ])roud 
and  clear  of  conscience  who  is  in  any  phase  of  business  which  has 
to  do  with  the  production,  manufacture  or  s.ale  of  high  grade 
dairy  products. 

Three  Periods  of  Research 

In  a  general  way,  there  have  been  three  periods  in  nutritional 
research,  so  far  as  the  development  of  feeding  standards  for 
man  and  beast  are  concerned.  It  was  natural,  of  course,  that  the 
greatest  progress  should  be  made  and  the  beginning  of  a  sound 
nutritional  philosophy  should  l)e  established  as  >oon  as  the  science 
of  chemistry  began  to  develop.  The  chemist  soon  turned  his 
attention  to  foods  and  feeding  materials  and  it  was  not  long  be- 
tore  hevvas  able  to  classify  foods  and  feeding  materials  on  the 
uasis  of  their  chemical   composition. 

^  In  other  words,  it  was  i)ossible  to  classifv  foods  on  the  ba^is 
ot  their  content  of  water,  protein,  fat.  carr)()hv(lrate.  liber  and 
mineral  matter.     As  a   result,  the  nutrition  worker   seized  upon 
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th.se  findings  in  order  that  he  might  devise  a  measuring  stkk 
these  nnaui^s  m  <,t„„ja,fis   for  men  and  anmials.     flic  first 

in  the  vyay  of  f  ^rl,  f't.  «  chlr^cal  one.    Men  and  animals 
measunng  stwl;  'l''\'{^/JX°'?J^^^  receive  certain  amounts  of 

lL";"?at^'anrcabXt"te'Sy  if  normal  growth  could  be 
protein,  lat  ana  c  ^^^^   j^^,  .^,^j  ^^^^^^^  ^^^^ 

rnrc^ntributi^s  fo  Cwledge  have  been  made  through  the  use 
of  such  standards. 

Research  work  0,1  animal-heat  soon  led  to  the  <k-velopment 
of  caloHm      rs,  instrv,n,ent.  ca,.al.le  of  measuring  tlie  -unouu    0 

.Icfmite  rclat.onshno  ^•-^•^' V'    '"         ,  '       „    "he  e,H-v,v  ,u-ni:.n,!.  nf 
ii,  the  food    the  amount  01   I'in.l  eaten  aii'l  >nt  iim.^. 

e     olv      As  a  roM.H  of  lhi>  w-'U  a  new  ,n..-;s,n-nu:-  .tuk  uaj 

aevisc.1   wh,d,   1^  ;•;"-".,  '';,^  Va   >n  a,-   w.th    the   n.ce^Mty    lor 

cl^re"  tot -furt     r  ^ndin  is  unnecessary  except  to  say  that 

htcLTorie  standards  did  not  ignore  the  ^^^^^^  '^ 
r-,.  :.  „...  vp^ocrniypr]  that  a  proportion  of  the  caloiics  must  oe 

:rni;it;d"l.rth;°form  of  protem.     These  ^^^^^^^^^^  Z'- 
heen   exceedingly   useful   m   estabhshmg    fundamental   ana  eco 
nor^ic  Xmadon  concerttittg  the  feeditig  ot  men  and  antmals. 

n„ri,w  the  nast  twentv  vcars  a  new  viewpoint  has  gradtially 
deveSeT  d  ^  to  1  e  ct'that  rations  can  be  devised  according 
fo  tKst  of  chemical  and  caloric  standards  on  w-ch.^^^^^ 
will  not  thrive  and  in  ntanv  cases  diseases.  kno\  n  as  aencieiicy 
HsLise  "develop.  This  work  has  brought  scientists,  me.hcal  men 
and  e  en  the  la -man  to  appreciate,  for  the  t.rst  tnne,  te  m- 
portance  of  the  "little  things  in  nutrition."  Betore  I  . liscuss  this 
phase  of  work  I  wish  to  show  how  it  really  developed. 

In  1881  an  European  investigator  by  the  name  of  1  unm  de- 
scribe experh  tents  i.i  which  purihed  .liets  were  devt^ed  aceord- 
^y';r\^Vest  of.scientihc  know..lge  ^^  the  ,-.;>        Mice  whtdi 


received   these   diets   (Hd    not   grow 


The   addition    of    a   small 


receivea    i  icsc    mcL^    vnvi    li'^^.    ^,-    ■■• 

amount  of  milk,  however,  caused  growth  to  be  resumed. 

Eijkmann,  a  Dutch  physician,  pv.Uished  f  ,lf  l;^'''  '",  'S 'S 
which  he  describe,!  experiments  wtth  f,,w  s  winch    Kid  dev   1, 
a  paralvtic  disease,  called  ben-ben,  on  a  diet  ot  1"  ''^'i^.''/      .', 
rice.     He  found  that  the  bn.wn  outer  coaling  ol  the  vkc        -"i 
prevented  and  cure.l  the  disease  and  he  was  able  to  ^^  ''^  n  ,1 
curat    e  material    from   the   ,>olishings   bv   mean,   o,_  -  cohol jd 
water     He  conclu.led  that  white  rice  contained  a  poison  or  toxin 
and  th.at  the  rice  br.an  p,.,,e-ed  an  anti-t.ixm-hke  .ubstanee. 

1„  lOOf)  Dr  1-  ('.  Ibipkins  of  Fjigkmd  reiieated  the  experi- 
ments  o  'u  iim  and  c-nhni'ied  the  hitter's  results.  He  lound  t^^ 
two  cubic  centimeters  of  cw's  milk  contamcl  sometliing  which 


'O'fV     ,       •!     • 


lilfjIftJMM 


JUUU"'!' 


The  results  of   Dr.   L.   S.   Palmer's  work  on   the  nutritive   value   of 
ice   cream,   showmg   that   ice   cream   may   supplement    the   ordinary 

diet  advantageously. 

77u'  M/>  ruf  Inl  lu,slr  dirt  a!o„r.  \„tr  sicr  of  rat  and  rondilion  oi  eye 
r^"'"''  '"'  ''''^  "•■  "'''""'  <mv/h.v/:.'/.v.  .VWv  sice  and  t'nsieal  eo,uIitin,i 
^ottnn,  rat  Jed  luisie  diet  tins  iee  rrram.     \\>tr  sicr  and  /-//v.s/,  ,;/  mndition 


these  findings  in  order  that  he  miglit  devise  a  measuring  stick 
in  the  way  of  chemical  standards,  for  men  and  anmials.  The  first 
in  the  way  "'':"':,,  ^  clicmical  one.    Men  and  annuals 

TcS  S  a  d  :  ights^hould  receive  certain  an,ounts  of 
o  oteTn  fat  and  carbohydrate  daily  if  normal  growth  could  be 
exoected  These  discoveries  were  most  helpful  and  many  very 
fine  contributions  to  knowledge  have  been  made  through  tl,e  use 
of  such  standards. 

Research  work  o.i  animal-heat  soon  led  to  the  dcxelopment 
of  c-Jonmeters,  instrun.ents  capable  of  nu-asuru^g  the  anu.unt  o 
-mim-iMicat  emituM  un.lei-  vanmi,  c..n.hli.m-..     It  u.i.   iu„,„    tlia 
: le      i le      lati.-nslnp.  ex,>..-.l  brluc.n  the  an.nuni  n,  .,k.-,v  .tured 

„  1  .od,  the  an',oi.,n  o,   f 1  .-a.en  a„.l  U.c  <.>„■,-.■  dnnan.K  .,£ 

0  IcKV.  As  a  re.ult  o!  th,s  w.,rk  a  new  .ncasuvn,^  Muk  va 
cvic  which  1  shall  call  .lie  -..icr^y  "  m-  \alnru-  m.ihM  of 
measurement  You  are  all  so  ia.mhar  wuh  the  ncco-ny  ur 
caoHesthTt  further  mention  is  unnecessary  except  to  say  that 
the  cLTor ie  tandards  did  not  ignore  the  chem.cal  constituents  in 
r^.,u"^.J:l„^-,..A  thnt  a  nronortion  of  the  calorics  must  be 
umish;d  in' dKfonir"  of  proteitt.-  These  energy  sta.idards  have 
been  exceedingly  useful  in  establishing  fundamental  and  eco- 
norJiic  Xmadon  concerning  the  feeding  of  men  and  annnals. 

During  the  past  twentv  years  a  new  viewpoint  has  gra.hially 

developed    due  to  the  fact' that  rations  can  be  devised  accorditg 

to  tl  e  be  t  of  chetiiical  and  caloric  sta.idards  on  winch  a.nmals 

vil   not  thrive,  and  in  manv  cases  diseases,  known  as    delicency 

iLsfs,"  develop.    This  work  has  '"•o"g'^\-'>^;-;;.'f  .^f  ^"^  T- 
and  even  the  layman  to  appreciate,   tor  the  hist  time,  the  im 
poftance  of  the  'little  things  in  nutrition."     Betore  I  -hscuss  this 
phase  of  work  I  wish  to  show  how  it  really  developed. 

In  1881  an  European  investigator  by  the  name  ni  Lunin  de- 
scribed experiments  in  wiiich  pnriljed  .lic^s  were  '  ^-^ ';-.•"- ™™^ 
ing  to  the  best  of  scientific  knowledge  o  the  pei  lo.l  Mae  «h  ch 
received  these  diets  <lid  not  grow.  Ihe  addition  ot  a  small 
amoimt  of  milk,  however,  caused  growth  to  be  resmned. 

Eijkmaim,  a  Dutch  physician,  published  a  paper  in  18W  in 
which  he  described  experiments  with  fowls  which  had  de^el  1  d 
a  paralytic  .lisease.  called  beri-lH-n,  (,n  a  .het  ol  poi.hol  (  .te 
rice  I'le  fouiul  that  the  brown  outer  coating  ol  the  rue  (I.  an) 
prevented  and  cured  the  disease  and  he  was  able  to  extract  te 
curative  material  from  the  |,olishings  by  me.ans  ol^  ••'1^"''"'  ^^^ 
water  He  conchuled  that  white  rice  contained  a  poison  or  toxin 
and  that  the  rice  bran  po-^e-<ed  an  anti-toxin-hke  substance. 

Ill  1906  Dr  V.  ('..  lIopl<ins  of  F.ngland  reiieate.l  the  experi- 
ments  of  Lunin  and  conlirme.l  the  latter's  results,  "'j  '"^'''f  [  ™ 
two  cubic  centimeters  of   cow's  milk  contained   something  ^\lncn 


44')^'4^P' 


The  results  of  Dr.   L.   S.   Palmer's  work  on  the  nutritive   value  of 
ice  cream,   showing   that    ice   cream   may   supplement    the    ordinary 

diet  advantageously. 

r/i.- MA  '■."  i.,i  /.,..,■;,•  ,/,v;  „/,„„■.    ,v„/,.  ,,,■-,.  „f  ,.,„  ,„„/  .,,„,,,„„„  „f  ,,,,,.^ 

,i;«W/,-  ,„/    /,.,/  ,,.,.  ,.,.,■„,„   ,-.r,7i,.t.;v/.v.      X.'tr   ,,rr,-   ,„„l   tl,xsi,:,l   rondilun,. 


fU  .^■W^ch  was  not  a  protein,  a  fat,  a  carbo- 
;X:r:^?s;^.'^i"  olu:^ --^^^^  PO->-ea  t,,.  ...U  eon. 
tains  an   "accessory   tood   tactor. 

Vitamins  Enter  the  Picture 

U  was  not  until   1910-12  that  I^^.^--- ^J" ^^J^.^Jf :!; 
,,        ,  ;"^-.t,a,.d  tl.  worU^ot   UM^^r.  ^^^^^^^^ 

nee  bran,    trom   ^^^!^''V"^,   .  •  ,  ,.  •    .,.   ^^hieh  be   i;ave  tbe  name 

l',    ,1.,.    nu-uuinu'     ^niall    animal    rxvrrinK-ntal.nu    u  a-    l-iu- 
\\     :         ^        McCnIhnn  an.i   coworker.  a>M   ai    \;  . 
..arte,     at    ^^ '^\"';  ;     '  .,.,,^,  „„„nnH-  ui   tin-  wrk  was  -M   ilir 

l,v  (Isl.ornr  ana  AUn.i.l.      '  "^     '      ,  |„  caslin-  al.oiU   i..r 

.aalot  inn-ortancc  ,o  l''>V'^^'  >  , '^  '  ^V/,,  „  sails  three  n„- 
Tdeal  purified  protcnns,  lats  "'''"'^J/ f'"  ^^^''^u  ,,i,„  ,lid  not 
portant  diseovenes  were  made,  e  0  J^^^^^''  j  „,^,j  t,,,  „,,i„. 
^     *up  .-M,..e  rrrf>\vtb  Droniotni.^  propeints,  y^ )   ii     ^  .      ^ 

pUSSC.-ir?    tiiC    OC....C:    ;->■  *  4^4-^,-,f ;r»n     thin     tllCV     iKUl     reCLMXCU 

confirmed  in  a  very  .lefmite  manner. 

Time  an,l  space  will  not  P-";;V"^,e'^;S  oH.V'r^uliri 
estins  researches  except  to   sav     '-*     ^e     up^'       >  ^^.^^^  ^,^^^^,,. 

proteins,  particularly  case  n  ad  '^  ""  l^,"^,^.  „i  the  ,|nestiou 

„,Ued  ^YO^'^^^^^'',^,^::^.  and -other  hiol'o.ically 
revealed  the  fact  '>^f  .'^,"""  '  '■  ,  .^^i,,,,  ^cids  in  kind  an.l  ani.Rint 
superior  proteins  contained  "rtan  .  mm'.'^c  ^^^^^ 

not  present  in  the  interior  protein        ^^^";;  ^^^^^^  j",      ,„iucts 
dairv  technoloj;ist  loun.l  one  reason  «li>   milk  an.i         l 
had  alwavs  been  of  superior  nutntive  value. 

'      f   ,„„1  -,U„  that  the  best  artificial  salt  nii.xtures  weic 

and  ciuantity.  .  •     ^    , 

Almost  simultaneously  the  XN-isconsin  and  Vale  >;;--|:;;^'';^ 
discovere<l  the  presence  of  a  ^ ^'t-solul.  e  vntjunni    n     u     ,   at,  .J 
liver  oil  and  egg  yolk.     It  was  not  1' '^-^      V     "  ^t     f/^^^,,,,  „,i,k 
oils.     Hence.  a-tlK-r  most  impor^t  f urn  "^f^,,,,,,.! 

products  was  added  to  the  aiieauy    ,-,"■"■  j, 

factors.  . 

Different  Vitamins  Described 

McCollum  an,l  Kennedy  suggeste.l  that  ^^^-^^^';;^^;;^^l,;Z 

-r:--'^rfr:::hi-';:rM;?:^ur^:ir 


-Growth- 

May  Be  Controlled  by  Diet 
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Si  \  rat--  !■>{"  t  h*' 
■■.  i  ni  o    A  y,f    .1  n  d 

Ench  nit  had  all 
it  would  eat  of  a 

of  lean  beef  and 
potatoes,  whole 
wheat  and  but- 
ter, ftu^ar  and 
so  It — ^a  ^ckkI  ba- 
sic diet  when 
milk  and  vegeta- 
ble^ are  added  in 
small  amounts. 

The  diets  were 
fed  for  10  wfoks 


» • .  *  (>'«» 


Bureau  of  Home  Economics 
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A  demonstration  of  the  value  of  supplementing  ordinary  diets  with 

vegetables  and  milk. 

/(■<■  cream  is  jiiifk  i,'i  concentrated  form. 


••\-it-,n,in    \  "     At  about  tlie  same  time  McColUra 
now  known  as     \  uanim  .  •  .,,,ti-l)cri-l)eri   tactor   was  also 

and  Kentiedy  Iou.kI  tl.at  1'  \  ;"'  ^^'ested  the  name  -W-ater- 
needed  for  growth.    As  a  >  ^'^^  ^^hcv     u..e.  t      _  ^^^^^  ^.^^^^  ^^^^ 

soU.ble  B"  which  ,s  now  ^-^^"^  ^  f .l^'!)  -n.e  letter  "e-  was 
,vord  -vitaniine"  was  =^l«^'l^  ;''';! ,  j^^ow  s,.eUed  ••\-haniin." 
dropiXHl  a  few  years  ago  and  1  e  uo  >  ™  '  ..^.jj^,.,  .,„,i  the 
The 'first  syllable  .s  Vronov^^J-^^^    ^^^    ,,,,,    eatntp's 

'^'\  ^>"l';;:  '4!^" T'n     '  '  add""  t :  .he  first  syllable. 

Wile,      ihc  aecciu,  -,  consist  ol  two  vita- 

workers  lend  to  le-liKt  tiK   "-'.'".  •■     -nj^,  i;,-ii,Mi  workers 
,,,,,,;,,.„,,„.la,U.rtla.nanK.  K.m^^^^^^^^^^ 

have  e,.ned   .be  tern,.    I.     •'"','    .„„^  ,|^,-     \  uanm,    «,     0'-) 

vhatniii..      -Milk    eouiau,.    ike-.     nUu.u.l  a,    , 
being  present  in  the  greater  ="';",";'^-  .^^.^^,  diseovered 

Vitamin  C,  the  vitamin  which  c tie  ^^^^;   •  ,„■  „„,.„,„i 

„.vt     -Phis  vitamin  was  als..  loim.l  to  be  a  constn.^  ^^  ^^^^^^^^^  ^^^^^^ 

„i,Us.    (  .ur  own  research  worK  ^"■:!;;^;;„;",i";:,;,„i,:  „„  the  vua- 
Vitamins  A  an.l  C  tliicliiate  ni  om  ;.  "^'"'v      .  \'  ,„^- ,,„„,i,i„„,   I 

T'7ir\inlm:ik'::nnotto;::ide;^:k;be 

Sa:;y:i^amonntpr.e,nisoft.iap^^^^^^^^^ 

Ni.amin  D.  the  v.tamm  ^^  "^'\' ':,,'';;,  ,  ,,,u,  formation, 
of  calcinm  and  pho.pborn.  and  V^'^  '^'^  '"  '  -,  ,^^.  „,,.  vitamin 
-as  identified  by  >1;,^  •--;':  .\  :,';";,;  U.rge  amount.  Cod 
is  also  present  m  ndk,  ."  ^  '^  ,  '  .'.  f  k,,,,,,,.  „i  ,his  vuamin.  A 
liver  oil  remains  die  richeM  "''\'\:\['2^..^_,.,,,,,.,  li^m  produced 
few  vears  ago  it  w^.^  '''^^-'IV'^  ^  ,11  wed  o^bii,;  on  animals 
.-esnlis  similar  to  \  i.annn  1^,  ;'-"  '''^^ ",',:;,  ,„•  Xew  York, 
or  children  alllicted  wuh  !'^'^  ■•  ,  ';:^  Vbat  \  hamin  U  couM  be 
and  Steenbock,  ot  \\  ■^^■'>'7'>'  ■' ^  "  .  '  :\,,,,iiat,ng  the  food 
n,an„factnre<l  in  certain  ood  '"^  .'' '  ,  ,'_^,,;,^.  ^,„  ^,,,:;,,„,,  called 
.natenal  with  ultra-violet  light.     Mo  c  '^^^      >  ,,^,  , 

..evgosterok-  has  been  ;■'''='-  j;',  V  ,iVrea,ed  with  ultra- 
substance  ot  \itamni  1).     Whin  "''>  •'  '  ^,^^^, 
violet  light  it  becomes  many  lbousan<l  tnues  nioic  poieiu 
liver  oik  in  the  cure  of  rickets.                                          ,.,.,,.,1   hv  Dr 

fli<;tril)Ute(l  in  other  foods.  .      ,     . 

"^    VUaniin  F,  which  was  thought  -y^'!^:;^  Z^^^T'^,^ 
present.     This  leaver  a  ga,i  m  our  alphahet.eal  scheme  a. 
mended  hv  .\mcrican  workers. 


Bone  GroTvth- 

May  Be  Stunted  by  Diet 
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Showing  the  effect  of  vegetables  and  milk  on  skeletal  development. 

^yuin-al  content  of  ice  cream  is  af^/^roximately  Si^/c  higher  than  that  of  milk. 


TUt'^'^?^ 


IjUt/^Of^rr   <^ 


fn    show    the    excellent    supplementary 
Further    evidence   to    show    tne  ^^^.^^^ 


value    of 


#T^T        ...:n. 
1  iw    /""  " 


,/w/c  r(mlcn\  of  ice  crram   > 


/.-  ,,ii    ;v  to   ^^  per  coit  cmn- 
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prcscu  in  normal  ni,lk>  n,  avi-.^u.  ^      ,_^ 

Our  own  work  has  shown  that  ,J    k  w dl  l.cjclat^^^^  .  ^_^^^^^^^^^ 

these    1^<^-'\\J'"'''X^.  ":';  he'   cm   pasteurization,   arying  an.l 
housed  an.l   le.l.     '  :,•  V,   ,hat  these  operations  can,  he  con- 

evai-oratniK  show  Muuc  clca  aestructmn.     In 

auc'ted   without   alarnm>,   j     ;^  ^      ,  ,,,,„-,,,,.„  M.  H.  K.nttsen 

rc*:;:rt^:u^;Afu;;nn..u,^,.^^^^ 

•^^^^tth  this  u,iorn,a.ion.h.;;.  allow  n.^ 

health.  . 

Importance  of  Vitamin  A 

H  I  n.ay  be  anowe<l  to  ^^f^  ;;;,;|-  ^::^J  ^j!;^^  ^^^C 
phasize  the  ^^reat  ^^^M-rtance  ot   \     am^  ^^.  .^^^      .^^^^^ 

Ihis  vitamin  is  on.tte<l  ^-^-'^'''^^•:Z\c  manifest  l>y  loss 
pathological  chatiiies  occur.     lt>  absence 
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of  appetite  and  a  resultinj^^  loss  of  Ixxly  weii^ht.  An  eye  disease, 
known  as  xerophthalmia,  develops  which  afflicts  rats  and  humans 
alike.  The  resistance  to  bacterial  infections  is  lowered  and  re- 
spiratory diseases  invariably  ensue.  Siiuis  and  tongue  infections 
are  common  and  we  have  ni^ted  involvement  of  the  kidneys  and 
reproductive  origans.  J'hysicians  are  al)le  to  ai)ply  the  results  of 
such  fm(lin<4s  to  the  treatment  of  human  respiratorv  disease.  I 
have  been  informed  bv  eminent  larvn^olo^ists  that  they  have  been 
able  to  alleviate  manv  cases  of  sinus  and  respiratory  infections 
hy  combinintj^  X'^itamin  A  therapy,  tbrouiih  the  use  of  cream, 
butter  fat  and  cod  liver  oil,  with  their  regular  medical  treatment. 

I  think  f  ha\c'  s;ii(]  cixtui^li  alioiu  the  rnntrihutidn  that  milk, 
tTi-ani  and  butter  lal  lunducl'-  malxr  inward  bfttta"  hcahh  and 
i;r()\vtli  to  convince  \t»u  that  we  c-an  ])rnp]ies\-  what  well  made 
ice  creani.s  would  do  when  u>e(l  a>  a  supplement  to  inost  diets. 

Ice  Cream,  A   Food  Par  Excellence 

You  are  already  familiar  with  the  ex])eriments  of  Dr.  L.  S. 
Palmer,  conducted  in  the  Forest  Lake  Laboratory  of  the  National 
Dairy  Council.  Dr.  l\almer  showed  that  the  ordinary  diet  of 
bread,  meat,  potato  and  cereals   was   supplemented   most  advan- 


A  case  of  human  xeropthalmia  due  to  insufficient  Vitamin  A.  Note 
the  child  with  patch  over  left  eye.  These  children  were  forced  to 
subsist  on  cereal  soups  during  the  World  War  owing  to  the  fact 
that  all  dairy  live  stock  in  Roumania  had  been   commandeered  by 

the  Austrians. 

Ice  cream   is  rich   in   Vitamin   ./    thr,>iii/h   its  Inittcrfat   content. 


.  3  ^       ^  T\^    1     u    vihialev  o£  the  Pennsylvania  State 
Dr.  S.  I.  Bechdel  and  Dr    J^  K  ^h.g  ey  ot  t  ^^„Jj„,i,le  pub- 

CoUege,  »'th  P;""  !«f  «J«/j,':h/d "permanent  opening  in  her  left 
licity  owing  to  '*'«  *"*  *^f /"f,  P  ^e  removed  and  studied.  It  was 
^LtiTratthfco'uTd'sTnthrie  he'r  "wn  Vitamin  B  by  means  of 
found  «hat^she^.cou^.^^y^^^^  ^^^  flourished  in  her  rumen. 

tifreouslv  l.v  ice  cream.    Animals  receiving;  _tl,e  l.asal  <lict  of  meat 

that  of  tlic  animals  which  received  the  liasal  <h-t. 

Dr  Ifomlier^cr's  reports  from  Kentucky  confirm  the  Im-l- 
■  -'d-     I'alnTer*     -I'he  delaile-l   results  m    li,s  work  will  be 

I'Sued    fl'w.'nl    to    with    interest    hy    scientists    an.l    the   general 

public. 

The  wid.-nrea.l  use  of  ice  cream  hy  hospitals  in  the  diets  ot 
convalse  shows,  in  a  most  practical  way,  that  >ce  cream  mtit 
Ta  foo  ?.-  .-.vrrWrmT  m  the  min.ls  of  me.hcal  nten^so  lar  as 
palatal.ility,  di;,estal.ihty  and  nutritive  value  are  concerned. 

In  closi,,..  mav  I  a<ld  a  word  of  congratulation  and  a.lvicc. 
Vou  are  o  he:  c„n,ratulate<l  upon  the  foresight  and  vKion  n 
oi^inL  and  develop  this  wonderful  clearing  liotise  .or  idea,  m 
prSmotino-  the  best  interests  ..t  your  memheis.  It  is.  m  nn  o  i 
on  a  mo.t  healthv  sii;n,  when  competitors  are  al.le  to  loi  tt 
trade  secrets,  competition  and   similar  things  and   sit   down  to- 

L.    S.    IVilnur,    Axwiican    Journal    of 


•"Nutritive    Valtic    of    Ice    Cream."    I'y,,^'-- 
ruhlic   Health,    \t,l.    XIX,    No.   6,    June,    1'-^. 
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gether  to  give  the  best  of  their  own  ideas  and  experiences  for  the 
good  of  the  industry. 

My_  advice  to  you  is  to  continue  to  develop  this  spirit  of 
cooperation  and  to  support,  with  your  time  and  money,  research 
in  all  its  phases.  Industry  in  general,  and  your  own  industry  in 
particular,  will  progress  much  faster  with  a  well-planned,  long- 
time research  program.  It  has  been  amply  demonstrated  that 
profits  and  opportunity  for  human  service  come  first  to  those  who. 
through  the  findings  of  scientific  research,  are  readv  to  take 
advantage  of  new  situations  when  opportunity  knocks  at  the  door. 
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STUDIES  ON  THE  CHEMICAL  COMPOSITION  OF 

BOVINE  BLOOD* 

Mrniru  k  andi'.uson,  iiowahd  iv  c.Avr.KV,  as,>  avkuv  d.  pratt 

,,■,,„„  „„.  ,>.,»rl,„n,l  ..f  A,n<-uU.,ral  and  Hiolo.^ral  <'l.„,;.,r,,  uf  The  l'.un.,Mn,. 

Stair  CoUap',  Slair  CMcijf,  l'.„ns:ili,uua 

With  the  (l.'velopnicnt,  (.f  rnellu.as  for  (lu>  analysis  of  blood,  a 
valuable  tool  has  been  placed  in  the  hands  of  exijernnenters  in 
physiology  and  nutrition  and  of  physicians  in  the  clinical  labonv 
to.  y  At  the  present  time  a  great  deal  of  information  is  available 
on  the  abnormal  composition  of  human  blood  in  disease.  A 
knowledge  of  the  composition  of  normal  blood  was  obviously  a 
preliminary  necessity  for  the  interpretations  of  these  abnormali- 

tips 

In  order  to  extend  the  use  of  blood  analysis  to  cattle,  normal 
values  must  first  be  established  for  the  various  blood  constituent^. 
A  considerable  amount  of  data  along  this  line  arc  available  at  the 
present  time.     Abderhalden  (1)  in  1808  published  a  rather  com- 
plete analysis  of  the  blood  of  various  domestic  animals  including 
cattle      More  recently  important  contributions  have  been  made 
by  Meigs,  Blatherwick  and  Cary  (22),  Blatherwick  (G),  Robinson 
and  Huffman  (23)  and  Hayden  and  his  co-workers  (18,  19,  20) 
In  the  course  of  our  study  on  the  composition  of  the  blood  ot 
dairy  cattle  under  various  conditions  we  have  accumulated  con- 
siderable data  on  normal  animals  which  we  have  assembled  in  this 
paper.     It  is  hoped  that  these  data  may  add  to  the  present  knowl- 
edge of  normal  bovine  blood  and  may  be  of   value  to  future 
workers  in  the  field  of  bovine  physiology,  nutrition,  and  pathol- 
ogy- 

METHODS 

Blood  samples  were  obtained  from  the  jugular  vein  with  as 
little  stasis  as  possible.     Two  samples  were  always  taken,  one  m  a 

*  Publication  authorized  by  the  Director  of   the  Pennsylvania  Agricultural 
Experiment   Station   as  Technical    Paper   No.    485.     Received   for   publication 

February  1,  1930. 
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small  Erlenmeyer  flask,  wdth  no  oxalate,  for  the  preparation  of 
serum  in  which  calcium  and  phosphorus  were  determined;  the 
other  in  a  large  test  tube  under  paraffin  oil,  using  40  mgm.  of 
lithium  oxalate  to  prevent  clotting.  About  75  cc.  of  blood  were 
collected  in  this  manner  to  be  used  for  the  determination  of  hemo- 
globin, carbon  dioxide  and  the  su])stanccs  iucludcd  in  the  Folin- 
Wu  system  of  })l()od  analysis.  The  })()rtion  of  the  sample  used  for 
the  determination  of  carl)()n  dioxide  was  centrifuged  immediately 
under  j)araflin  oil  nnd  the  plasma  removed. 

Hemoglobin  and  carbon  dioxide  were  determined  by  the  gaso- 
metric  methods  of  Van  Slyke  (25,  26).  For  the  estimation  of 
non-protein  nitrogen,  creatine,  creatinine,  uric  acid,  sugar  and 
chlorides,  a  protein  free  filtrate  was  prepared  according  to  the 
procedure  of  Fohn  and  Wu  (12).  Non-protein  nitrogen,  creatine 
and  creatinine  were  determined  by  the  original  procedure  of  Folin 
and  Wu  (12).  Uric  acid  was  determined  by  Benedict's  method 
(5),  sugar  by  the  method  of  Fohn  and  Wu  (13)  and  chlorides  by 
the  method  of  Whitehorn  (28).  Urea  nitrogen  was  determined 
on  whole  blood  by  the  method  of  Van  Slyke  and  Cullen  (27). 
Phosphorus  w^as  determined  in  three  forms,  namely,  inorganic, 
hydrolyzable  organic  and  total  acid  soluble  phosphorus,  using 
the  Briggs  modification  (7)  of  the  Bell-Doisy  method  (2)  with 
some  slight  modifications  of  procedure.  Calcium  was  deter- 
mined by  Clark  and  CoUip's  modification  (8)  of  the  Kramer  and 
Tisdall  method  (21,  24). 


EXPERIMENTAL 

The  work  embodied  in  this  report  includes  the  analysis  of  59 
samples  of  blood  taken  from  the  dairy  herd  of  the  Pennsylvania 
State  College.  The  animals  include  calves  and  adults  of  various 
ages  and  breeds.  The  animals  received  the  regular  ration  used 
for  the  dairy  herd.  The  blood  samples  were  taken  during  the 
late  summer,  fall,  and  winter  and  no  attempt  was  made  to  study 
seasonal  variations.  The  results,  which  are  averages  of  duplicate 
determinations,  are  presented  in  tables  1  and  2.  The  animals  are 
grouped  into  4  groups  on  the  basis  of  age.  In  the  first  group  are 
those  animals  less  than  one  month  of  age.     In  the  second  group 
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are  animals  from  one  to  five  months  of  age.  The  third  group  in- 
cludes those  from  six  to  ten  months  of  age,  and  the  last  group 
includes  animals  from  one  to  nine  years  of  age. 

In  table  2  is  given  a  summary  of  results  given  in  table  1,  with 
averages  for  various  age  groups,  for  male  and  female,  and  for  the 
difforent  breeds.  Th(^  results  obtained  l)y  other  investigators  are 
also  given  in  this  table.  The  results  of  other  investigators  hjive 
})eeu  recalculated  in  some  cases  so  that  all  the  data  presented  in 
table  2  might  be  comparable^ 

Hemoglobin.  Tables  1  and  2  show  the  results  of  29  analyses  of 
blood  for  hemoglobin.  The  results  are  expressed  as  per  cent 
normal  and  the  values  range  from  70.3  to  121.7,  the  average  value 
being  92.9.  The  hemoglobin  content  appears  to  be  highest  in 
the  animals  less  than  one  month  of  age.  Females  show  a  higher 
value  than  males  and  Holsteins  show  the  highest  average  of  the 
various  breeds.  Our  results  agree  well  with  those  of  Hayden  and 
Fish  (18). 

Non-protein  nitrogen.  Our  figures  for  non-protein  nitrogen 
are  in  very  close  agreement  with  those  of  other  investigators. 
Fifty-nine  determinations  give  an  average  of  30.07  mgm.  per  100 
cc.  of  blood  with  values  ranging  from  20.67  to  42.14  mgm.  The 
averages  for  the  various  groups  of  animals  are  all  very  close  to  the 
total  average. 

Urea  nitrogen.  Fifty  estimations  in  the  course  of  our  work 
have  given  an  average  of  12.94  mgm.  of  urea  nitrogen  per  100  cc. 
of  blood,  with  minimum  and  maximum  values  of  4.40  and  21.64 
mgm.  respectively.  The  low  value  of  4.40  mgm.  was  obtained 
on  a  sample  from  a  calf  one  day  old.  The  averages  for  the  various 
groups  differ  only  slightly  from  the  grand  average  except  in  the 
case  of  the  Brown  Swiss-Jersey  cross.  It  should  be  noted  that 
this  value  of  9.18  is  for  one  individual.  Our  results  agree  with 
those  of  most  of  the  other  investigators. 

Uric  acid.  For  59  determinations  of  uric  acid,  using  the  direct 
method  of  Benedict  (5),  we  report  an  average  of  2.08  mgm.  which 
exactly  dupUcates  the  findings  of  Hayden  and  Sholl  (19).  Our 
values  range  from  1.50  to  3.22  mgm.  The  only  group  of  animals 
which  differs  decidedly  from  this  value  is  that  of  the  older  animals, 
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from  one  to  nine  years  of  age,  where  an  average  of  2.46  mgm. 

was  found. 

Our  results  check  well  with  those  of  investigators  who  have 
used  the  direct  method  for  the  determination  of  this  constituent. 
Folin  and  Dennis  (lO),  using  a  method  in  which  the  uric  acid  is 
i^;olated  from  a  l>lood  filtrate  as  the  silver  salt  before  being  dett^r- 
inined  colorimetrically,  report  a  much  lower  value  of  0.2  mgm. 
Benedict   (4)  using  his  modifications   (3)  of  this  techniciue  ob- 
tained a  value  of  0.5  mgm.     He  })()inted  out  that  tlu^  uric  acid 
determined  by  this  method  is  "free"  uric  acid  and  that  this  is  only 
a  small  fraction  of  the  uric  acid  present.     The  remainder  exists 
m  a  "combined"  form  from  which  it  is  easily  set  free  by  hydrolysis 
with  acid.     Davis  and  Benedict  (9)  have  shown  that  the  uric  acid 
is  combined  with  a  pentose.     After  hydrolysis  of  a  protein-free 
blood  filtrate,  he  obtained  values  as  high  as  6.7  mgm.     It  should 
therefore  be  pointed  out  that  our  results  and  those  of  the  other 
investigators  whose  results  are  reported  in  table  2  very  likely  do 
not  represent  true  uric  acid  values  but  only  that  which  is  set  free 
under  the  conditions  of  the  analysis. 

Creatine.  In  our  work,  we  have  found  an  average  of  4.30  mgm. 
of  creatine  per  100  cc,  with  values  ranging  from  2.49  to  7.78  mgm. 
The  oldest  animal  group  showed  the  greatest  variation  from  the 
average,  with  an  average  value  of  3.93  mgm.  The  low  value  of 
3.46  for  the  Brown  Swiss-Jersey  cross  is  possibly  not  significant 
since  there  is  only  one  individual  in  this  group.  It  should  be 
noted  that  we  have  reported  actual  creatine  values  and  not  crea- 
tine plus  creatinine. 

Our  results  do  not  agree  with  those  of  other  investigators. 
Folin  and  Dennis  (11)  report  10.44  mgm.  and  Greenwald  and  Mc- 
Guire  (15),  using  Folin's  technique,  report  7.23  mgm.  The  latter 
investigators  feel  that  Folin's  method  gives  high  results  and  they 
report  a  value  of  2.35  mgm.  using  a  new  method. 

Creatinine.  From  59  determinations  for  creatinine  we  have  ob- 
tained an  average  of  1.42  mgm.  per  100  cc.  with  values  ranging 
from  1.19  to  1.94  mgm.  With  the  calves  the  values  decrease  with 
age.  Holsteins  give  the  highest  average  and  Jerseys  the  lowest. 
There  is  considerable  variation  in  values  reported  by  other  investi- 
gators. 
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Sugar.  Our  work  has  given  an  average  of  84.1  mgm.  of  sugar 
for  58  determinations  with  values  ranging  from  43.2  to  142.0  mgm. 
A  rather  striking  feature  of  the  data  is  that  blood  sugar  values 
decrease  as  the  age  of  the  ani^ial  increases.  The  youngest  group 
gave  an  average  of  105.0  mgm.  while  the  group  of  older  cows  gave 
an  average  of  51.2  mgm.  In  other  work  we  have  always  found 
low  blood  sugar  values  v/ith  cows  which  are  lactating  heavily. 
Our  results  for  cows  agree  very  closely  with  those  found  by  Ilay- 
den  and  SchoU  (19). 

Chlorides.  As  a  result  of  55  analyses,  we  report  an  average  of 
492  mgm.  of  sodium  chloride  per  100  cc.  The  results  range  from 
426  to  546  mgm.  The  animals  in  the  group  less  than  1  month  of 
age  gave  an  average  of  469  mgm.  which  is  the  group  showing  the 
greatest  variation  from  the  total  average  which  we  report.  The 
value  of  532  mgm.  for  Brown  Sw4ss-Jersey  is  the  result  for  one 
animal.  Our  average  is  about  an  average  of  results  reported  by 
other  investigators. 

Inorganic  phosphorus.  As  a  result  of  20  analyses,  we  obtained 
an  average  of  4.46  mgm.  of  inorganic  phosphorus  per  100  cc.  of 
serum,  with  values  ranging  from  3.09  to  6.17  mgm.  The  con- 
spicuous thing  about  these  results  is  that  as  the  age  increases  the 
phosphorus  values  decrease.  The  group  of  youngest  calves  gives 
an  average  of  5.06  mgm.,  while  the  cows  give  a  value  of  3.62  mgm. 
per  100  cc.  of  serum.  Females  give  a  higher  average  than  males 
and  Ayrshires  and  Guernseys  give  higher  averages  than  Holsteins 
and  Jerseys.  There  is  considerable  variation  in  the  values  re- 
ported by  other  investigators. 

Inorganic  plus  hydrolyzable  organic  phosphorus.  In  the  work 
reported  on  blood  phosphorus,  we  have  found  that  in  most  cases 
only  inorganic  phosphorus  has  been  considered.  Meigs,  Blather- 
wick  and  Gary  (22)  have  reported  on  phosphorus  distribution  in 
blood  plasma,  but  the  distribution  is  not  analogous  to  that  which 
we  report. 

As  a  result  of  16  determinations  of  inorganic  plus  hydrolyzable 
organic  phosphorus  in  blood  serum,  we  have  found  an  average  of 
6.12  mgm.  per  100  cc.  with  values  ranging  from  3.46  to  7.9  mgm. 
Here,  again,  the  very  young  animals  showed  higher  values  than 
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the  more  mature  ones.  The  average  for  females  is  nearly  twice 
that  for  males.  By  deducting  the  average  inorganic  phosphorus 
from  the  average  of  the  combined  forms,  we  get  1.17  mgm.  for  the 
average  hydrolyzable  organic  phosphorus  in  100  cc.  of  blood 

serum. 

Total  acid  soluble  phosphorus.  Hayden  and  Fish  (18)  report 
an  average  of  9.29  mgm.  of  acid  soluble  phosphorus  per  100  cc.  of 
serum  as  a  result  of  29  determinations  on  cows. 

From  14  determinations  we  report  an  average  of  7.46  mgiii.  of 
total  acid  soluble  phosphorus  per  100  cc.  of  serum,  with  values 
ranging  from  5.30  to  8.57  mgm.  Our  results  show  a  considerably 
higher  average  for  calves  than  for  older  animals.  Our  results  on 
cows  are  much  lower  than  those  reported  by  Hayden  and  Fish 

(18).  .    .  .      , 

From  all  our  results  on  the  various  forms  of  phosphorus  m  blood 
serum,  it  is  clear  that  the  serum  of  young  growing  animals  has  a 
higher  phosphorus  content  than  that  of  mature  animals.  This 
is  to  be  expected  when  one  considers  the  phosphorus  requirement 
for  bone-building  in  young  animals.  The  lower  phosphorus  con- 
tent of  the  serum  of  mature  cows  is  also  reasonable  when  one 
considers  the  large  amounts  of  this  element  which  are  secreted 

into  the  milk. 

Calcium.  The  results  which  we  report  for  calcium  gave  an 
average  of  12.63  mgm.  per  100  cc.  of  serum  for  55  analyses,  with 
a  range  of  9.96  to  16.18  mgm.  The  results  indicate  no  noticeable 
differences  in  the  calcium  content  of  young  and  mature  animals. 
The  average  for  5  cows  from  four  to  nine  years  of  age  is  13.31 
mgm.,  while  that  for  9  calves  ranging  from  one  to  twenty-eight 
days  of  age  is  13.22  mgm.  Our  results  are  quite  definitely  higher 
than  those  of  all  the  other  investigators  except  Hart  and  his 
co-workers  (16). 

Carbon  dioxide.  In  our  work  we  have  determined  carbon  diox- 
ide on  36  individuals  with  results  ranging  from  31.5  to  76.8  cc. 
per  100  cc.  of  plasma.  The  average  value  is  58.93  cc.  A  notice- 
able observation  is  that  the  plasma  of  cows'  blood  binds  less  carbon 
dioxide  than  that  of  calves.  This  has  also  been  noted  by  Blather- 
wick   (6).     Males  give   a  higher   average   than  females.     Our 
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average  value  is  very  close  to  that  found  by  Robinson  and  Huff- 
man (23). 

SUMMARY 

Fifty-nine  samples  of  blood  from  dairy  eah^es  and  cows  have 
been  iiiialyzed  for  luun(),i!;l()l)in,  ii()n-])n)teiii  nilr()<!;en,  urea,  nitro- 
gen, uric  :u*i(i,  creatine,  creatinine,  siipir,  chlorides,  pli()S])hoi-us, 
calcium  and  carbon  dioxidi^  binding  ('a])a(*ity.  The  results  are 
given  in  tables  1  and  2. 

The  authors  wish  to  acknowledge  the  co(")peration  of  Dr.  S.  I. 
Bechdel  of  the  Department  of  Dairy  Husbandry  in  allowing  us 
free  access  to  the  dairy  herd. 
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B.     Tendon     slipped    from     condiles. — Note     prolifera  tion    arotitid    joint. 
('.  and  D.  Conddes. 

II.  Normal  joint.  

//.     Tendon    occupying    its    normal    position. 
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INTENTIONAL  2ND  EXPOSURE 


itv    is    not    analogous    to    ucMis. 

well  as  l,istologu.a  .tu.iies  wore  .nad 
„f    tlw    tibiae    of     a    nu,nl-er     ol    ■  tl  ut    1 
,,j„ls     The    bene    asl,    was    iouiul    to    be 
..o^tal    a,ul    a    norn.al    ealeitu-at.on    «as 
revealed  by  Hie  line  test. 

„s  observations  bad  sbown  tlia     a 


Prt'\"i() 


wl 


ration    of    tl,e    following    eomi.os.t.on      le.. 
S,o,ie    .on.b    White    Leghorn    .h.ehs 
,,„„,,1  ;..,use    ap|>voxio„.,t,  ly     :,0     ,,,  ,■    ee„. 
„1     then,    to    beeoM.e     afilule,!     w,th        s  M 

,,,i,.„.ion-ifbr li"^- -■•:,,';■"■'•'•;'"'",' 

'„,ve    in    b:..,.,-y    br h,-..   '1  he.e    l.rood,  . 

,„„s,sted   ,.f  r,  pens  eaeh   n.easnr.ng'  •    ■ 
3(5"  and  12"  high,  rnless  otherw t,  t 

the  experinu.nts   ,l,seribea   m     be   re  t   of 
u  ,  ,.l.,.r  wer,.  .•arried  ont  with  the  birds 
Standing     on     on.Lalt      .nch     nu-sh  e 

screens    Wlun    soli<l    floors    are   spee.tud 
n.eans    that    a    solid    platforn,.    covered 
with     sand,     replaced     the     screc-n     m     tin 
hotton.    of    the    pen.    The    ration    was      ed 

as   an    all    mash    ration    and   was   k  p t    b 
Le  the  birds  at  all  tinus.nay  old  Sin<rle 

Comb  White  Le-horns  wer.-  us.d  in  all 
trials.  Composition  of  the  has.d  ration 
used   in   the   following  trials: 


the  chick.  So  far  as  ".slippe<i  tendon  is 
concerned,  the  first  few  weeks  of  th.« 
chick's  life  seems  to  be  the  critical  period 
in    skeletal    and    tend(m    development. 

When  the  basal  ration  was  sii])i)h'ment- 
vi\  with  1.5  i)er  cent  of  sodium  phosphate 
(NiH'lH)4)  it  was  found  that  the  incid- 
,;„.;.  of  "slii>l.ed  tendon"  was  greatly  hi- 
,.,.,,,s,;l.  Since  the  nddition  of  phospliorous 
p  r;,ti(.  Ill  the  t.td.  .■mothtr 
■',,.    li.i^al    ration    ■.r.u\    in 


,i,,M'ts   thf   C;.:l'    ratu. 


Yellow    corn 
Alfalfa    leaf    meal 
Wheat   middlings 
Dried  buttermilk 

Meat   and  bone  meal 

Fish    meal 

Steamed  bone  meal 

Cod  liver  oil 


70.0 

5.0 
15.0 
'2.5 
2.5 
2.0 
1.0 


When    this     ration      was     led     to     bird^ 
brooded    on     solid     fhu)rs     there     were    n. 
cases  of  "slipi)ed  tendon"  noted.    I  his  ob- 
servation   seems    to    indicate    that    the    ra 
tioD    is    about   .m    the   borderline,    for    it    is 
bad    enough    to    ])roduee    "slipped    tendon 
on  wire  but  not  bad  en(Migh  to  cause  it  m 
clucks    brooded    on    floors.     It    was     foinul 
that   bir<ls    fed   the   bi.s.-.l    ration   but    raised 
for   the    first    four    weeks   of   their  lives   on 
,1   solid    floor  never  became   afflicted    with 
this   abnormality,   even    though    they    were 
transferred   to   wire    floors    at    the    end    of 
this  period,  and  kept  there  throughout  the 
duration    of    the    experiment.    Which    fact 
seems   to   indicate  that   the   mechanism    \n- 
volved   in   the   ])roduction   of   "slip|)ed   ten 
don"    manifests    its.-lf   e.irly    in    the    life    of 


oriiup    w.is    gixeii 

;:d,iitit.n     was    gixen     1.5    per    een      ot     M. 

,•„„,„„•.  s.,,1!  mixture  m  pb.ee  o\  the  s.hI 
„„„  phosphate.  This  s,.!t  nnxtur.  n:.s  thr 
(•  ,llowino-  c.mposition  and  is  suppose<l  to 
,ontain  the  elements  in  the  proportion  m 
which  they  are  needed  for  bone  develop- 
ment : 

McCollum's    salt    mixtur.-    No.    1S5. 

MgSOi    (anhydrous)  --'''^ 

Nall-jPOi    (hvgroscopie)  ■'■>^' 

(•,11,  iVO^AiA)  ••; " 

If  citrate 
C  a    lactate 

AVh.m   the   above   mixture    was   added  to 
the    basal    ratimi    the    occurrence    of   "slip- 
,1   te.Hlen"    was  .)nly   slightly  lower  than 
in    the   trial    where   sodium   phosphate  was 
.,dde<l.    These-    results      seem    to     indicate 
that  this  abnormal  condition  is  aggravated 
bv    the    supidv    of   minerals    in    the    ration, 
(•ar.l^    has    suggested    that    ordinary    com^ 
„Hrcial  meat  and  bone  meal  or  meat  imal 
,„nnu.>.dv    contain    about    as    much      hone 
„„..ir'    as*  the   chick   can   t.)lerate.  provided 
the    )>rotein    is    fed   at   levels   above    15  per 
cent. 


I„      the     followinu-      fe.ding    trials,     the 
,„i„,.ral    level    in    the    ration    was    chanijed 
bv    changing    the    level    of    bone    meal,   or 
nitMt    and    bone    meal,    or    fish    meal.    1 1'f' 
fish    meal    used    in    the    ration    had    an   ash 
content    of    2(;.->    prr    cent    a.id    the    men 
and    bone    meal    contained    25.9    ])er    ren 
ash     The   i)rotein   level    was  kept   constant 
bv    replacing    anv    deductions    of    protein 
with    commercial    casein    and    when    adde 
tional    fish    meal    or    meat    and   bone  meal 
were  added  to  the  ration  enough  dried  m- 
termilk    was   remove<i   to  prevent   a  change 


in  the  protein  level.  Mineral  additions  to 
tlie  ration  were  made  at  the  exi)ense  of  the 
corn.  When  the  bone  meal  was  taken  fron\ 
the  ration  nothing  was  substituted  in  its 
stead  and  C()nse(]uently,  in  such  eases,  a 
slight  variation  occurs  in  the  percentage- 
eomposition  of  the  ration.  The  following 
table  shows  the  results  of  sixteen  feeding 
trials  in  summari/e;i  form. 

I   \  !  ■- 1 
Shdic'nni    (  IniiKiis    ni    iln     Uaiunt    and    ihc 

i  1  nil'  111 
(ilivi'i 

!'>;it v.llifill 

W.'fks 

H;i>al  8 

Basal  8 

Ha>al  8 

Basal    •' 

Basal    *> 

Basal    ;-  \.r,':',  Nall.PO.     8 

Ba.'^al  -f-  l..'>%   McColluin's  salt  iiiixtuie  8 

Ba.sal  4-  1.5%NaH,r04     « 

Basal    ;    L.-i^  Nair.ro,     fi 

Basal  —  fish    iiica!    <• 

B;usal  -     moat   and   bout'  meal   fi 

Ba.'^al  -  -  fish    meal  — moat  and    l)ono    nioal    ....  (5 

Biisal — 'bono  meal  ^> 

Ba.sal  -f  2%  bono  meal  -f  1%  NaCl  <> 

Basal  -r  2V-7r    fi.sh   nioal -f-  2'2':'c    meat   and 

bone    meal    •> 

Basal       fish    meal  -  meat   and   bone    meal  — - 

li(»iu'   meal    (i 


not  been  confined  to  any  group  of  condi- 
tions ami  tliat  it  occurs  with  rations  hav- 
ing low  and  high  mineral  contents.  It  will 
be  noted  that  the  basal  ration  used  in 
the  described  trials  is  not  rich  in  miner- 
als but  that  the  addition  of  minerals  in 
several  <lifferent  forms  greatly  increases 
the  production  of  "sli))))ed  tendon".  The 
r.ation    is    Ncrv    low    in    fiber   and   tiiis   may 


(Jciurniicc    •ij     "Sliiiind    'I't  tnioii" 


Number  %  of 


It     will     bt      noted     from     'I'able     I     that 
when  the  basal   ration  is  su))))li  inentetl  with 
adilitional    minerals    "slipped    tendon"    oc- 
curs  on    solid    floors    as    well    as    on    wire 
Imt    to    a    lesser    extent.    When    additional 
minerals   in    the    form    of    bone    meal,    sod- 
ium  phosphate,    or    .MeCollunrs    salt    mix- 
ture are  added   to   the    ration,  or   when   the 
fish   meal    or    meat    and    bone    meal    of    the 
ration    are    increased,    thereby    raising    the 
mineral   hxcl.    it    is    noted    that    more^   birds 
l>ecoine     .afflicted     with      this    abnormality 
♦!ian    when     they     .are     UhI     the     unsupph- 
"itnte<l    basal    ration.    It    is    also    observe<l 
fliat  when  minerals  are  t.akeii   from  tin-  ra- 
tion by  removing  the  meat   and   bone  meal 
"r   fish    meal    or    both,    the    occurrence    of 
■clipped    tendon"    is    lessened.    When    tht' 
''•nc   meal    is    omitted    from    the    ration    no 
'■*"^ts  of   the   deformity    appeared.    Payne^ 
'■''^crihes    the    condition    of    "slippe<l    ten- 
•'"""   and    ))oints    out    that    the    trouble   has 


{•liior 

of 

NuiiOu'f 

".slippeil 

1  u 

ililck- 

of 

tendon" 

\s  1  n  • 

111 

bird- 

III 

^iTi'iMI 

irtoiip 

.iffjictrd 

irroup 

\\\]V 

22 

11 

.1(1.0 

fl<M>l- 

28 

0 

0 

nvire  t  wks.) 

( Floor  1  wks.) 

28 

0 

0 

wire 

22 

10 

43.5 

flo(»r 

24 

0 

0 

wire 

24 

28 

95.8 

wire 

27 

22 

81.5 

wire 

22 

20 

90.9 

fb^)r 

28 

U 

60.9 

\\  ire 

21 

6 

2H.fi 

u  ire 

24 

6 

2.'>.0 

wire 

23 

4 

17.4 

wire 

25 

0 

0 

w  irt; 

22 

18 

81.8 

u  ire 

28 

17 

78.9 

w  iio 

21 

0 

0 

be  a  factor  in  the  pro<Iuction  of  this  ab- 
mtrmalitv.  'I'he  skeletal  svstem  of  a  chick 
brood<<I  on  wire  seems  to  undergo  a  strain 
but  this  strain  is  lessened  by  brooding  on 
solid  floors.  It  is  very  )>robable  that  the 
brooding  of  ciiicks  on  wire  discourages 
aetivitv  and  causes  the  bir<l  to  take  less 
exercise  than  when  brooding  is  carried  out 
on    floors. 

I'rom  the  abo\c  (Uta  it  seems  ap|).arent 
that  the  miiier.il  content  of  the  ration  is 
an  etiologie.il  f.ictor  in  the  |)ro(iuetion  of 
"sli))pe<l  tendon".  Tliere  are  of  course 
other  contributing  factors  of  which  j)rob- 
,iblv  the  most  important  is  the  lack  of 
exe-rcise. 


^McCollum.  K.  v.,  J.  Hiol,  Chein.  XXXll, 
lf)17,   181. 

Tard,  L.  E..  .\  Year's  rro^rress  in  .Solviiig 
Farm    Problems   in   Illinois.    lf)28-2!>,   114. 

^Pavn.',  Loval  F..  .Science,  T.XXT,  Xo.  1852, 
1930.' 
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THE  CONCEPTION  OF  BALANCE  WITH  RE- 
SPECT TO  THE  ABSORPTION  OF  NITRO- 
GEN, PHOSPHORUS  AND  POTASSIUM 
BY  PLANTS  AND  THE  INFLUENCE 
OF  THE  LEVEL  OF  NUTRITION 
In   a   roet'iit  paper,  llie  writer'   called  atteiilion  to 
the   remarkable  and  consLsteiit   results  obtained  over 
;i  10  year  period  by  La<;atu  and  xMaunie''  from  a  series 
of  tield  experiments  conducted  with  the  grape   {Vitis 
vinifera).     These  authorities  concluded  that  the  de- 
pression in  yields  produced  by  the  application  of  an 
"incomplete"  fertilizer,  i.e.,  one  containing  only  two 
of  the  principal  fertilizer  constituents,  nitrogen,  i)hos- 
phorus,  potassium,  is  not  due  to  a  depression  of  the 
absorption  of  the  remaining  elements,  but,  on  the  con- 
trary, to  a  nutritional  lack  of  balance  owing  to  an 
increased  absorption  of  these  elements. 

Field  experiments  have  also  been  reported^  in 
which  it  was  noted  that  the  omission  of  potassium 
from  a  fertilizer  applied  to  a  soil  deficient  in  this 
element  resulted  in  an  increased  absorption  by  the 
plants  of  the  nitrogen  and  phosphorus  present  in  the 
''incomplete"  fertilizer.  But  in  these  experiments  of 
Wallace  it  is  to  be  noted  that  the  omission  of  nitrogen 
from  the  fertilizer  resulted  in  a  decreased  absorption 
of  phosphorus  and  potassium,  and  the  omission  of 
phosphorus  in  a  decreased  absorption  of  nitrogen  and 
potassium. 

1  Walter  Thomas,  Science,  70 :   3S2-384,  1929. 

2  H.  Lagatu,  Compt.  Fend.,  172:  129,  1921 ;  H.  Lagatii 
and  L.  Maume,  Compf.  Bend.,  179:  782,  1924;  ihid.,  179: 
932,  1924;  ihid.,  180:  1179,  1925;  "Communication  au 
Congrcs  des  engrais  azotes  do  syntliese  ^  Montpellicr, " 
Juin  1,  1927,  pp.  1-15. 

3  T.  Wallace,  Jovr.  PomnJ.  and  TTort.  Sci.,  7:  1?.0-145, 
1928. 


In  the  course  of  experiments^  ^vith  Pyrus  malush 
^own  under  controlled  conditions,  the  writer  has  had 
"unique   opportunity   of   examining   the   prmciples 
enunciated  by  Lagatu  and  Maume.    It  has  been  found 
in  our  experiments  that  the  course  of  absorption  of 
nitrogen,   phosphorus  and  potassium  from  fertilizer 
mixtures  containing  only  two  of  them  is  in  accordance 
with  the  deductions  made  by  Licbig.^     Thus,  a  com- 
parison of  the  absorption  graphs  of  trees  receiving 
additions  of  two  only  of  the  elements,  nitrogen,  phos^- 
phorus,    potassium,   with    the   absorption    graphs    ol 
trees  which  received  additions  of  all  these  elements 
indicates  a  depression  of  the  absorption  of  the  ele- 
ments from  the  -incomplete"  or  unbalanced  fertihzer 
Since,    therefore,    generalization    of    Lagatu    and 
Maume's  principles  is  not  permissible,  it  is  pertinent 
to  seek  an  explanation  of  the  causes  operative.     The 
discrepancy  between  the  results  of  the  experiments 
under  discussion  may  not  be  attributed  to  differences 
in  the  ratios,  amounts  or  composition  of  the  fertilizers 
applied,  for  these  are  veiT  similar.     The  conception 
of    physiological    balance    resulting    from    Loeb's^ 
pioneer   experiments   and  its   further   expansion   by 
McCool,«  Osterhout^  and  others  have  stimulated  a  vast 
amount  of  investigation  by  plant  and  animal  physiolo- 
gists  and,   although   quantitative   experiments^   with 

4  Walter  Thomas  and  E.  D.  Anthony,  Proc.  Am.  Soc 
Hort.  ScL,  81-87,  1926;  Walter  Thomas,  Plant  Physiol- 
ogy, 2:  109-U7,  1927.  ,     XT      IV     u    ^       ■«•. 

5  Jacques  Loeb,  -  Opperheimer 's  Handbuch  der  Bio- 
chemie  des  Menschen  und  der  Tiere,"  Zweiter  Bd.,  Teil 
I,  Gustav  Fischer,  Jena,  1909.  >r^^^:, 

6  M.  M.  McCool,  Cornell  Univ.  Agr.  Exp.  Sta.  Memoir 
No    2    119-216,  1913.  . 

t'w.  J.  V.  Osterhout,  ''Injury,  Recovery  and  Death  in 
Relation  to  Conductivity  and  Permeability,"  J.  B.  Lip- 
pincott  Company,  Philadelphia,  1922.  „  .     o     lor 

8D.  D.  Waynick,  Univ.  Calif.  Pub.  Agr.  Sci.,  6:  IdD- 
242  1918  •  D.  R.  Hoagland  and  J.  C.  Martin,  Univ.  Calif. 
Pub.  Agr.'  Exp.  Sta.,  Tech.  Paper  No.  8:  1-26,  1923;  H. 


plants  have  been  made  to  ascertain  the  factors  in- 
fluencing the  selective  absorption  (diffusion)  into  the 
cell  of  one  salt   (or  ion)   by  another  present  in  the 
nutrient  solution,  the  discovery  of  a  general  law  ap- 
plicable under  all  conditions  has  not  been  forthcom- 
ing.   It  is,  however,  apparent  from  such  experiments 
that   tliere   exists   for   each    species   a   physiologically 
balanced  nutrient  solution— which  may  in  actual  tield 
practice  be   determined   by   the   method  of   Mitscher- 
Hrh''   "I'roni   which   normal    permeability   occurs;   and 
that   a   departure   from   this   balance   will   produce   a 
disturbance  in  the  rate  of  absorption  relations  of  the 
various   ions   that   may   have   a   profound   effect   on 
metabolism.'^      Normal    permeability    has    bp^n     ex- 
plained^^  on  the  basis  of  antagonistic  salt  action;  but 
the  extent  to  which  salt   (or  ion)   antagonism  is  re- 
sponsible for  the  maintenance  of  normal  permeability 
of  plants  grown  under  field  conditions  is  problemati- 
cal.    In  the  field  experiments  here  cited  the  results 
do  not  appear  to  be  applicable  on  the  basis  of  simple 
antagonism — at  least  in  the  sense  defined  by  Loeb^° 
and  as  discussed  more  recently  by  Loehwing^^ — for 
plants  grown  on  these  soils  containing  normal  concen- 
trations  of   calcium   ions   absorbed   more    (not   less) 
potassium  from  a  fertilizer  containing  only  nitrogen 
and   phosphorus.      There   is   evidence,^    moreover,   to 
show  that  antagonism  becomes  weaker  and  weaker  as 

S.  Reed  and  A.  R.  C.  Haas,  Jour.  Agr.  Res.,  24:  801- 
814,  1923 ;  Univ.  Calif.  Pub.  Agr.  Exp.  Sta.,  Tech.  Paper 
No.  11:  1-23,  1923;  Univ.  Calif.  Pub.  Agr.  Exp.  Sta., 
Tech.  Paper  No.  17:  1-75,  1924;  D.  R.  Hoagland  and  A. 
R.  Davis,  New  Phytologist,  24:  99-111,  1925;  E.  Pan- 
tanelli,  Protoplasma,  7:  129-137,  1929. 

e  A.  Mitscherlich,  "Die  Bestimmung  des  Diingerbc- 
diirfnisses  des  Bodens,"  Paul  Parey,  Berlin,  1925. 

10  Jacques  Loeb,  "Dynamics  of  Living  Matter,"  Co- 
lumbia University  Press,  New  York,  1906;  Biochem. 
Ztschr.,  32:  308-322,  1911;  Science,  36:  637-639,  1912. 

11  Walter  F.  Loehwing,  Plant  Physiology,  3:  201-275, 
1928. 


the  concentration  decreases.     Thus,  Osterhout  found 
that  although  0.05  M  NaCUO.06  M  CaCl,  exerted  a 
marked  toxic  effect  on  root  growth,  0.001  M  H-  0.0012  M 
solutions,   respectively,   of  this  mixture  had  no   an- 
tagonistic effect.     We  should  expect,  therefore,  little 
or  no  antagonistic  effect  in  solutions  of  such  low  con- 
rentration  as  that  of  the  soil  solution.     For  example, 
the  concentration  of  salts  in  the  soil  in  the  present 
.xpcM-in.onts  varied  from  350  to  G40  p.p-ni-  according 
to   the   season.      In   all   nutrient   culture  experiments 
with   seedling   plants   in    which   the   phenomenon    ot 
antagonism  has  been  observed,  the  concentration  of 
salts  present  is  from  five  to  twenty  times  that  of  the 
salts  in  the  soil  solution  from  normal  soils. 

However,    although    ion    antagonism    may    be    ot 
negligible  consequence  in  solutions  as  dilute  as  the 
soil   solution,   experimental  evidence   exists  to   show 
that  the  concentration  of  nutrients    (level  of  nutn- 
tion,«- ''  i.e.,  rate  of  supply  of  nutrients^'  or  supply- 
ing power^^)   of  the  soil  solution  may  be  the  factor 
of  greatest  influence  in   determining  the  course  of 
absorption.     Thus,  from  Remy's^^  numerous  field  ex- 
periments it  is   apparent  that  the  addition  of   any 
two  of  the  elements,  nitrogen,  phosphorus,  potassium, 
to  soils  relatively  deficient  in  these  elements,  such  as 
the  Hagerstown  clay  loam  soil  used  in  the  experiments 
of  the  writer,  results  in  a  decrease  in  the  absorption 
of  the  remaining  element  in  accordance  with  the  de- 
ductions of  Liebig.^     This  decreased  absorption  does 
not  occur  on  soils-such  as  that  used  by  Lagatu  and 
Maume^— well    supplied    with    these    elements,    but 

12  H.  P.  Cooper,  Plant  Physiology,  5:   193-214    1930. 

13  D.  R.  Hoagland,  Jour.  Agr.  Ees.,  18:   73-117,  lyiy. 

14  Burton  E.  Livingston,  Proc.  I^^^J.^'  %^f  «/^f  p^°* 
Sciences,  Ithaca  (1926),  Vol.  2,  pp  1107-1121,  the  Col- 
legiate Press,  Menasha,  Wisconsin,  19^9. 

isTheodor  Remy,  ' '  Untersuehungcn  uber  das  Kali- 
dungerbedurfnis  der  Gerste,"  Paul  Parey,  Berlm,  1898. 


always  an  increased  absorption. '••'«  In  this  connec- 
tion it  is  of  interest  to  note  that  Way  nick"  observed 
in  culture  solutions  greater  antagonism  between  0.04 
M  MgSO^  +  0.18  M  KCl  than  from  mixtures  contain- 
ing higher  concentrations  of  MgSO.j. 

The  factors  involved  in  the  absor})tion  of  salts  (or 
ions)  by  plants  have  i)e('n  discussed  by  the  writer," 
and  a  recent  pai)er  by  rooi)er^'-^  i)resents  some  stimu- 
lating new  ideas  on  the  subject.  The  causal  relations 
are  known  to  be  extremely  ruinplcx.  Nevertheless, 
although  the  factors  i)r()dueing  dilTerential  absorption 
and  influencing  utilization  of  elements  within  the 
plant  at  the  different  planes  of  nutrition  may  not  at 

■  t  !        I  o        .,,.    1,,, -^  ,,.1  o -1  r>.ri    l-ir>    » fl''r>f  1  fi  ^ifl      +nn 

me  present  stage  oi  oui  M^iiuvviCuj^c  nc  i(4«.i.i.A..^u,  c..i, 
interpretation  advanced  to  account  for  the  dis- 
crepancy between  Lagatu  and  Mauine's  results  and 
those  of  the  writer  is  the  only  one  that,  at  the  present 
stage,  accounts  for  the  observed  facts.  Details  of  the 
experiments  will  be  published  elsewhere. 

Walter  Thomas 
The  Pennsylvania  State  College 

i«  F.  Sekera,  Ztschr.  fllr  Tflanzenerndhr.  u.  Dungung, 
7-B:   533-539,  1928. 

17  D.  D.  Waynick,  Univ.  Calif.  Pnh.  Agr.  Sri.,  3:  135- 

242,  1918. 

18  Walter  Thomas,  Soil  ScL,  27:  249-270,  1929;  Plant 
Physiology,  Vol.  5,  No.  4,  1930   (forthcoming). 
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A.    Introductory 

1.     X'AlJlAliM-:    CO.MrOSlTlUX    OF    IDKXTICAL   SPKCIKS 

The  [)ubli(';i1i()n  of  AVolff's  inoiuimcntal  Avork  on  '' Asclicn-aiialyscii 
in  1S71  (210),  altli()U<^li  (•()in})il(Hl  principally  for  tlio  purpose  of  supplyin*,' 
information  on  the  ('oini)osition  of  plants  used  in  feeding  farm  animals, 
nevertheless,  sei'ved  to  erystalli/e  the  large  amount  of  experimental  data 
of  Eniilish,  i^'reneh  and  (Jerman  investigators  that  had  aeeumulated  even 
in  those  carlv  davs  of  agrieultural  sei(Miee.  AV()FF1"'s  data  showed  verv 
clearly  that  plants  even  of  the  sdnu  sj)(U'i(s  differed  considci'ahly  both  in 
the  dhs/jliih'  and  pt  )'c< iihif/c  (iiinnaifs  of  the  X'ai'ious  elements  absorbed, 
de])ending  upon  the  com[)osition  and  nature  of  the  substi'ate  (soil  or 
nutrient  solution).  Indeed,  AVolii'  himself  (209j  Avas  the  first  to  give 
definite  i)roof  that  the  com])()sition  of  the  ash  of  any  ])lant  could  be 
changed  by  \arying  the  |)i'oj)(>rt  ion  of  salts  in  the  nutrient  cultui'e  iiiedium. 

1^.   Si;fi:('I'i\  i:   i'(»\vi;u  oi"  i)ii-Fi:i>i:.\'r  si'iiciiis 

Xumerous  investigatiojis,  those  of  XiAVi'ox  (129)  being  the  most  recent, 
li;i\e  since  shown,  moi'covei",  that  (lijjriu  nt  sjxciis  growing  in  media  of 
identical  composition  possess  selective  })owers  with  respect  to  any  specific 
ion  ()!•  ions.  This  marked  ditference  in  the  assinnlatoi'y  ])owers  of  dilferent 
phnits  is  very  clearly  exhibited  in  their  dilferent  i-esi>onses  to  such  "in- 
soluble" nnneral  fertilizers  lik(^  I'ock  ])hosphate,  basalt,  gneiss,  etc. 

.'}.   Aiu:  i)iFi'i;iv'i;.\(i;s  lv  1v'i:sim».\si:  a  si'i:(1i;s  ciiAKWc'ri-KMSTic 

Ibit  as  the  environmental  conditions  even  in  tli<'  water  and  sand  culture 
c.xperiiiients  cited   by  AVoi.ii'  wei'e   never   identical,   tli(»  (|uestion  as  to  the 

'  Fulilir;it  ion    ;iut  li(iri/,('(l    \\y   the    hircctoi'   dt"    tlic    I  N'liiisvh  ;i  ni;i    A  Htidilt  iir;i  I     Kximt'i- 
iiictil    SKitioii   ;is   t ('clinic;!  1    ]i;i|icr   no.    ')0'J.. 

1 1;; 
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+  •    .  WW  <\\]]  left  oiMMi.     Nor  Avas  it   docided 
nature  of  tl.e  factors  operative  .as  ^^^  ^^^  ^       eharaeteristie  of  tl.c 

whetlier  the  ditferenees  m  responses  exlubiti  d  AN(n    ^  •>^'  '^ 

.V  the  result  of  environmental  or  other  unlaunvn  faetois.  And, 
'^'^  N  w.  N  a26)  believes  that  .ith  the  exception  of  phosphorus 
S;1L'«     s       >   Sleteristie   diif.renee   in  the   Un>r   ./   ./..r./,..   of 

veN.n.nt    in   the  plants  ex.n.ned  that    hnlds.^^^^^^^^^^ 

!;,;.-t, ti-tl.n.n.h.nta.l    sta..nr.n.vt,.    n    wHih^a^^^^ 

th.  snlM.-H    IS  .lev.lnp.d    that    th-   evnh.n..    :s   .  ,v,..-u  hM  nnn.    lh„t    ..,,1.       n 

tZ.L  in  Composition  tl>at  can  only  be  interpreted  to  indicate  nun..! 
7^!!:...  ...  .t./tvn.  of  absorption   (5)  ])ut  that  they  exlubit  also  dilter- 

J::;:;:.;;;^  has  been  frequently  designated  in  the  literature  by  the 
xpression  feeding  po.er  or  ability  to  utilize  insoluble  sod  --tduents  to 
^m.ent  degrees,  .hich  are  characteristic  of  the  species.  4  he  odown,, 
data  fnmi  KuNicrs  experiments  (82)--Avhich  are  among  the  earliest  are 
typical  as  exemplifying  this  point: 

TAliLE  I 
Per  cent,  of  K.O  in  oats  and  I'KAs  (iuowx  ini.kk  snuEAu  eoxunicNS 


Yields  (iirst  year) 


Oats 


Peas 


Sandy  I.oam 

0. .'',(>()  0.50G 

0..-).-,!  0.»kS8 


I.OAM 


0.42U 


o.r,.-)4 


(\\ErAra:ois         Ci-ay 


0.4S9 


o.nno 


O.lOl 


0.702 


4.  The  tki^i  ''fi:i:i)ino  I'OWFk''  dffinfd 
The  tenn  -absorbing  power"  or  ^  feeding  po^er"  as  it  is  kno.n  in  lech- 
,n,,,,  ,...,ononiv  mav  conn..te  several  ideas  (67).     Many  have  ol),eeted  to  the 
,,se  or^the  tenn   nVding   power.      SHn..    (172)    sugg(>sts  that   some   plant 
phvsiolouists  prefer  not  to  use  the  term  on  tlu^  basis  that  it  has  1<-  ;nu.h 
ps;-choh.gical  implication   and   <.thers    <67)    beeause   of   the  many   d.l  erent 
i,;,,p,,t,tions  given   to   it.      lint,   as   n.nKu:    ^27)    l^oints   <.ut.   althnu^h 
the  expression  has  nndesirable  in.pli.'ot  i.>ns.  it    is  better  to  contn.ne  its  use 
than  to  invent  some  new  phrase  that  might,  perhai>s,  be   t  iver   tn.m  tli.'se 
hnplieations,  because  other  terms  suggested,  like  "absorbing  po^^er  ot   crop 
plants"  or  even  ''sixvific  absorbing   jx^wer,"  do  not   im|)ly  (lude  enough. 
The  term  '^feedin-  power"  implies  b..th  power  to  absorb  the  sod  nutri.Mits 
nnd  also  the  power  of  making  use  of  many  ol'  the  salts  absorb.'d.     This 
expression  will  be  used  in  the  present  paper  as  a  concise  means  of  indieatmg 


the  difference  exhd)ited  ])y  dilVerent  types  of  ])lants  in  the  absorpfwn  and 
vtiU-atwn  of  difficultly  available  mi.i(M-als,  either  native  to  the  sod  or  added 
as  sod  amendments,  as  determined  by  the  dilTerences  in  the  amount  (.1 
nutrient  elemeids  absorbed  from  the  minerals  in  question,  the  utilization 
of  Avhich  is  geiuM'ally  (exhibited  in  dilTerent  growth  respons(>s. 

5.  Thforti:s  advaxci;!)  to  accoint  ioi;  diiimiwiint  kksim.nsfs 
1',.,,,,,    Ih."    nuiiHTnus   ,.xp.rii,irnl.   .M„niii<-P.l    In   .h'l  ^'fuii  nr    th.'    canse    r.f 
til,,    ,-h;ir;irt.'iMstic    di ffrr.Mi.Ts    m    ;ibs(>rbin-    powrr    by    (lirrnvnt    sprrirs.    .-i 
.lUUib.T   nf   rxph,n;ilM.ns    h;,v.-    b.-rn    adv;in.T.l.      Tlu"    (iifr.Mvi.rrs    linv    iM-cn 
jitiribnlrd    to     il)     the    .litlVrni.-rs    m    lh.'    rh.'inic;.  i     n;ilui--       an.l    pn.sil.ly 
amount    also;    of  other   i.roduets  of   root    exiidatinns    (acids,   e;i  rboh  >  dnit -s, 
etc.);    (2)    the  diil'erences  in    (a)    the  absolut(>  amounts  of  carbon   dioxide 
.volv''d,  or   (h)   the  amounts  cvoIvcmI  per  gram  of  dry  weight   of  the  roots 
(respiration  em'rgy)  ;   {:V)  the  oi)eration  of  the  law  of  mass  action  between 
the   carbon    dioxide    (carbonic    acid)    from    the    roots   and   the    ''insoluble 
material"  in  the  soil;   (4)   unlike  i)()tential  dilVerences  between  the  soil  and 
plant  ;  (o)  ditferences  in  the  i)ermeability  of  the  ro(.t  membranes  i)i-oducing 
'^selectivity"  in  absor])tion  of  roots;   (b)  the  existence^  of  a  Doxnan  mem- 
brane  ecpiilibrium,    and   to    a    combination   of    one    or    more   of    the    above 

factors  (67). 

AVe  shall  discuss  the  evidence  for  the  operation  for  these  various  factors 

sepai"at<'ly. 

B.    The  chemical  nature  of  the  root  exudations 

1.  Tin:  cAUi'.ox  oioxidi:  factor 
The  ])roblem  of  detei-iiiining  the  nature  of  root  secretion  is  of  impor- 
taiHM'  not  only  from  the  standpoint  of  seientilie  iiupiiry,  involvin-  the 
fundaineiital  (piestion  of  the  nie-hanism  of  absorption  (.f  nutrients  and 
the  reaction  of  i)roto])]asm,  but  is  of  imix.rtance  jilso  from  the  prnctical 
asp(>ct  with  respect  to  the  economic  utilization  of  minerals  occui-ring 
naturally  in  the  soil,  and  api)lied  also  as  soil   amendments. 

a.      ("(»XSil)FKAT!0\S     OF     SOMI'.     OF     Till:     1  ;X  FFUi  M  FNT  AF     DllFK   FFTHN      IN - 

voFVFi).  It  must  be  granted  that  even  if  i)roof  were  fort  hcoinmu'  that 
carbon  dioxide  is  the  only  factor  involved.  ;is  indeed  IIaff  (55)  points  out, 
the  pn.blem  of  isolatin-  the  factors  that  contribnte  to  the  sum  total  of  the 
s(»il  cjn'bon  dioxide  is  not  a  simple  one.  In  the  lii-st  i)lace.  th."  c;ii'bon 
dioxide  is  not  all  in  1h(>  gaseous  phase,  a  lar-v  ])art  '163)  ''and,  indeed, 
under  some  conditions  nearly  all)  is  ])resent  in  soluti(.n  ''93):  and  m  the 
s<M'()nd  i)lace,  the  soil  respii'ation  is  the  total  of  all  the  soil  i)rocesses  that 
give  rise  to  the  ])r()(luction  of  CO,,  r/:.,  oxidation  (83,  169,  213),  the  meta- 
bolic processes  (d'  the  microorganisms    (110,  181,  182,  183,  213),  and  the 
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A  nf  fl.P  lvi(!teria  that  inhabit  them  (58,  63,  110,  178, 

,  :  ^;,..,  ,.,,  a62M..|i..v..s  U.M  tl..  (X..  -nlv,.a  ln.m  i.hn,    v..o,s  ,.^ 

:„,,,,n,..u,.lH..Un„nlh:,.  ,iv,. Thy  ,ni.To„r,:nns>ns  an.l  llns  .s  .,1s., 

the  ,-oH.-lusi..n  drawn  l).v  hTMiKKV    (177,  178  I  .  I h  t   llr    «« 
182)    llK.u.m:x  ,60),  Tuhlin  (198),  T-akakov  (3)  and  M:....i.=  (124)  .n,l,- 

,       ,,,^  v„,.,,t,.  volntivo  aifTciTiitiatioii  IS  possible. 

'■"',:  't;;.'';'::;:;;' ■,•.,,.■,  s,:vk.a,.  scuoor.s.^l>lant  pl,vsi„lo,ists  and  sod 
,,,,   ,,    '  ia         een  and  st.U  arc  dnuled  .nto  several  se„ools.     One  .,-on„ 
10    1  5   162)  maintains  that  plants  do  not  dissolve  .,y,./,nn,    quant  tn. 
r   'n'neals     hat    .'onld    otl,erwise    n.nain    undissolved;    anoth..- _se  1,  ol 
,  .:  tl.e  nnpoi-tant  role  that  the  root  ..xudations  '--;-  -^  ;^ 

„„„,„,,„,  The  latt,.r  school  is  divided  into  two  groups:  One  (26,  38,  39, 
49  77  89,  96,  141,  145)  suhseribin,  to  tlie  view  that  -nisolubh.  sub- 
!t  ine':  ar  re  dered  solnble  by  the  exudation  from  the  roots  ol  plants  ot 
;  anees  (,,.  organic  aeids,  acid  salts,  etc.)  other  than  carbon  dioxue ; 
substances  ^..,;.,      ^  , hat  onlv  CO.,  is  exuded 

and  the  other  school     1,  52,  55,  bU,  11(,  i^J-,  J-o-i;  -  - 

,.o,u  the  1 ,s  aiHl   that   the   influci, f   plants  on  the  so  ub,  ity  ol   s  :1 

,u„erals  is  to  be  attribute.l  soh.|y  to  this  |-ac,or.  The  role  played  by  uuc  o- 
,,,„„isn,s  ,1,  th,.  soil  an,l  especially  the  aCion  ,.1  microorganisins  ol  the 
,l,i.os,,l,ere,  isolatcl  by  St„k,.asa  (181j   is  rccognize.l  l,y  all  schools. 

e     rnAia(Ti,Ki/.,v,i..N-  ,.F  .H'..ii;r-r  of  KXiT.uniHNTS  i.x  this  yiKi..,.-       on- 
seuucntlv,'  in  the  exauiinalnm  of  the  available  evidence  for  the  pnrpos..  ol 
V mating  the  contribution  of  the  carbon  dioxide  evolved  Iron,  p Ian    roo 
r.,..,^-  in  aissolviii"  the  '•insolnbl.."  soil  materials,  ^ve  must  distmgnisli 

;':,;:,:::;;'  ;;\;!;:::.:;::ri.,ieii,s  >3, 31, 59, 60, 84, 85, 86, 92, 102, 103,  los, 

182  198  211,  212)  tliat  have  for  their  purpose  the  deK'rmmation  o  the 
,ela'tive  contributh,n  of  carbon  .lioxide  hy  root  and  microorganisms  ol  llic 
soil   and  ri)  those  (28,  38,  49,  77,  89,  117,  121,  145)  whhdi,  although  a.^cpt- 

„„;,l,o  important  nMe  of  the  carbon  dioxi,lc  evolved  from  the  i ts    were 

earried  out  for  the  j.nrposc  of  determining  if  aci,ls  and  other  substancs 

;;;;;,:;,;    are  exudd  .,  i .s,  and  ,^)  those  ,37,  139.  140,  181,  191)  that 

,,„  ,,„nceriic.l  with  the  ell-e,.t  of  CO,  from  what,.ver  source  «l.'nyed.^^ 

d     (»„s,;KVA'noNs  OF  Tin:  kahlikk   iNVF.sTio.VTous.^-The   older      corro- 
sion- experiments  of  Sa,i.s   (165,1.  Knof   (80),  Likmig   (97),  Kxv    (81). 
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CzAi'EK  (28,  29)  aiul  Mclisch  (122)  and  (,))s(M-vnti<.ns  of  tl.e  iw.tunil  .tch- 
i„o-s  fmiuciitlv  loinid  iil)oii  cah-aiTous  stones  Jyin-  in  \\w  s..il  urre 
n-ardod  as  funiishin-  prima  faclr  i'xulvm'i^  tliat  tlie  roots  of  ].lants  ].ar1i- 
,ipate  in  dissolving  ^'insoluble"  nntricnis  of  tlie  soil.  And  luo.v  ivc.ntly 
J,,.,,,,,  .^i^a  ]I.,,,s  f44^  found  tliat  tliis  action  <.!'  roots  on  n.arblo  is  iiicnsiscd 
wlHMi  a  stcrili/.Ml  s..il  was  inocnlatc.l  Nvitl.  l.niv  cultures  of  vari..ns  hactcna. 
Th rnv.tl.    r,isi.,n    idc;is    '26,   176^    and   rid, in-   experiments  ni    Ssens 

(165i    alMlnfC/AI-KK     :29>    aren!     lllleresl    !,cre.        Tlie    f.  ,r  „  I  e  r    ohs.  M' Vet  I    lh;it 

„nlv    the    s th    siirracs   nf    the    minerals    li,;,1    ^^ere    ...luble    m    -arb-mie 

;„.i;|    shnwed    -cnrrns.nn     li.ure.-;    silict..    tild     ,ml.        i'y.AVVM     i  2{)       ^nueld 

r,„-tlier   information   on   the   pn,l.lem   h.v   s.il.st  it  ut  in-   l)laster  nt    Pan.  ^lal-s 
^vllicll    Avere    incorpcrat.'d    Avitli    various    carbonates    and    phospliates.      He 
aro.u.d   (28,  29)   that  since      in  addition  to  the  carl)onates     the  phnspliates 
()f"ealciuni,   nia-nesinm    and    ircm,   i)nt    not    of   alnmimrni    j.liosp.h.ate,   v.-r- 
corroded  ])v   roots,   the   acids   exnd.'d    from   the   roots   must   be   Imiitcl   1o 
,arb(mie,  acetie,  i)ropionie  and  butyric      Finally,  all  but  carbon.e  acd  were 
(.liminated    ])v   means    of    (lualitative    results    Avith    (^m-o    red.     (  zapkk  s 
deduetion  from  these  (experiments,  however,  is  not  valid,   for  the  t^videmM^ 
from  the  experiments  of  Camkuox  and  IIukst   (20).  riMAXisiiMK..v    (151, 
153,  155)  and  Marias  ri07)  is  eonehisive  that  alnmimim  phosphate  is  avail- 
able to  plants  thron-h  hydrolytie  processes.      The  use,  therefore,  of  AllM), 
is  not  justifiable  in  experiments  to  deeide  the  nature  of  root  exudations. 

Moreover,  all  these  'S-orrosion"  experiments  may  be  criticized  on  the 
basis  that  no  mineral  phosphates  exist  that  are  unavailable  to  ])lants  avIkmi 
all  faetors  that  hinder  the  dissolving  power  of  the  roots  are  r.'moved.  The 
(experiments  of  r>rTKi:wiTsei[  (16).  whieh  ^vill  be  discuss(Ml  later  in  this 
])a])er,  exemplifv  this  very  clearly. 

e.  Tin:  use  of  sEKDiaxos  ix  dktkkmixixc  tin:  xatttki:  oi^  iau»T  Kxi  da- 
Tiox's.— The  approach  to  the  i)rol)lem  by  the  us,^  of  seedlin-  pbmts.  more- 
over, is  not  sound  (1,  28,  29,  52).  The  miiuM-al  recpiirements  of  such  youn- 
plants  are  too  small  to  justify  the  suita))ility  of  sueh  experiments  1..  answer 
the  (piestion  of  root  exudations,  ))y  whatever  method  and  however  carefully 
earried  out.  The  conelusions  from  such  (>xperiments  must  be  of  doubtful 
value.  For  this  reason  we  shall  consider  only  those  experiments  in  which 
mature  ])lants  vver(>  used. 

r.      Tin:    I'KOHLKM    OK    IXTKIM'UKTATION.       The    IVSuHs    of    field    l)lot     eXp.Ma- 

ments  (59,  60,  92,  102,  103,  163,  211)  are  contradictory,  l)ut  ])nt  and 
lysimeter  experiments  (3,  92,  128,  182,  198).  with  certain  exceptions 
(86)  where  the  technirpie  adoi)ted  may  be  open  to  eriticism  (55V  a-ree  in 
attributing  to  the  n^ots  a  consid(>rable  and.  inde(>d.  i)reponderant  (-..ntribu- 
tion  to  the  carbon  dioxide  of  the  soil. 
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(1)    Tl.E  ^VOHK  OK  T,.E  KOTHAMSTKO  oKOUi-.-Not^'ithstanding-  th.  fact 

164)  found   in  agreement  with  other  investigators  (3,  9,  59,  bU,  y^  ±»0) 
tin    ,  t    e  tain  sc  ,soi,s  of  the  year,  especially  at  the  tune  ol  active  gnnvtli 
.,",i   ..   cropped  soils  contain  a  higher  cont,.,.  of  CO.  than  uncroppcd 

s,,iis.   Ihcir    inl.Ti.i-cnidon   ol    Ihe   Msulls  '"■"•      " 

,163.   ■iiu-.hulc  ,hc  ...nlUHin.'  results  of  the  oMrc  wo.-kc.     40,  41,  12o, 

;        ■;  v,,c„c,,nn.ar,....a.a.u,cl,c,wccncc.,M..dand,al.vp^^ 

:... pl„..,ora,„nvt..r ,hcn,arU..,l,nnncn, >"-••"; -^^ 

,„,|,..„hvs,alandch,.n„c;dsln,c,nr ,hc  cavh.n  a,ox,„c  c„n„.,M  .M  he 

i       n     uestion.     The  l^>tlKln,s,cd  investigators  conclude  that  n,  thcr  own 

.     n     ts  the  dilference  lu  the  physical  structure  and  coinpositiou  ol  the 

i-^l""  ,    I    .1.    .,,;i..   .„-.l,-,.«  iM.innanson 

eroppcd   lor  i:rass)   and  uucropi)ea   v'aoou    .„..»,'    • •  - '■ 

:„,;,'„,     These  authorities  observed  that  th,.  smaller  the  s,nl  d.    cre,.ccs 

bccom,..  the  sn.aUer  is  the  clfect  of  the  crop  on  the  production  ol   (  O,  a.d 

1h..v  postulate  that,  if  it  were  possible  to  obtain  absoluf  ulenf  y  ol  comU- 

,K,ns    the  cnVct  of  the  crop  would  vanish.     I'.ut  that  the   lactor  ass,gn,.d 

bv  thes..  authorities  for  the  observed  dilferences  cannot  be  th..  only  one  ,s 

shown  bv  the  work  of  Jli:.v,mi:x   (60^  who  found  a  mark..!  depn-ss,on  o 

s.,il  carb'on  dmxide  alter  each  cutting  of  alfalfa.     There  is,  moreover,  such 

;,  ,„„,|,ed  difference  in  the  amount  of  fO,  evolved  Irom  an  nn,...ppcd  and 

a  en.lH».d  plot  m  son,c  of  the  m-.r,.  recent  lield  ,..xpenu.ents   (o9j   that  It    .s 

aiflU-nlt  to  conceive  how  sucl,  mark.-d  divcrgvnc  could  b,-  due  to  physical 

aUfeivncs  in  the  soil  of  the  plots.      For  example.  ll.vssK  an,l  Kua  UMKVKK  s 

(59j    results   in,licate   that    four-hfths   of   the   total    ft),   was   ,lu<.   to   root 

respiration.  ,      ,, 

,.>,      vki;  i.vsiMin-i:.  kksilts  Ann.,HABi,i;  t,.  i  u:i.n  coNoino.Ns.-    Mo.e- 
over'if  ItrssKi.i,  and  A,.ri,i.v.vK-n-s  (163)  conclusions  are  generally  appli- 
..abh'.,  th,.  nncstiou  may  be  raised  whether   pot   ""<'  f-'" j'"'  •■^l"";'!'":"; 
„r  the  tvpe  conduct..,!  by  l!.v..vK,.v   (3),  TrKOLV   (198j   and  ,.th,.rs  (9   37) 
„,,,    ,,,:,li,.able    t,.    Ii,.l,l    ,.on,litions.     That     th,.    ,l,.,lu,.tions    ,lrawn     Irom 
s„mc  of  these  exp,.rim,.nts  may   not   be   applicable  t,>  fichl   cmlita.ns.  .m 
aeeount  of  th,.  conditions  b,.ing  to,,  artilicial.   is  p,.ssibl,..     Tins  critu-isin 
w„ul,l  ai.piv  to  th,.  c.nclusions  of  Kossowrrs,  u   (84,  85,  86)  ,n  winch  (  (  . 
was  ,l,.t,.rmim.d  in  p,.r,.olat,.s  of  the  nutri,.nt   solution   ,n  ,piartz  san,    cul- 
1,u.,.s    but  f,.r  the  fact  that  DrsTM.vN    (.37)    has  shown  that,  although  the 
absulut,.  r,.spirati,m  of  plants  grown  in  ,,uart/.  and  soil  cultur,.s  is  gr,.at,.r 
i„  the  form..r,  th,'  r,.lative  ,litT,.r,.nc,.s  between  ililVcrent  plants  are  th,.  same 

in  both.  ,    ^  ,,   _ 

Ju  Trm.iN-'s  Ivsimeter  ,.xiH.rimonts    (198)    th,.  ,lillVr,.nc,.  b,.tw,...n   th, 

amount  of  carbon"  ,lioxid,.  in  th,.  cropped  soil  and  that    in  th,.  un,-roi,p,..l 


soil  at  tlie  pn-iod  of  most  active  crop  gro.-th,  divid,.d  hy  the  '"»"'">t  o 

er   trans'pirod  by   the   crop,   gave   a   constant   which   var.ed  wHh   t 
season.     Moreover,  as  there  was  no  indication  that  the  mereas,.!  (  n 

the  cropped  soil  arose  from  the  d,...,mip,>s.tiou  ,.l  root  par  .•l,.s,  1,m..n 
,o.dcall'  conclud,.s  from  th,...  ,.xperim..nts  that  the  plant  o  ,.n  pr,.,luc,.s 
at^the  p,.riod  of  its  most  activ,.  growth  many  tim,.s  as  nn.cli  (.  O,  as  is  pro- 

,1,,,.,.,!    |,y    soil    .il-janisnis.  .  ,  .   ,     „   ,,,,,,. 

■n„.   resuhs  ,,r    r,Ai,-AK..N-.-   I>si,n.|er  ,xpen,„enls    .oi.    ni   v.he.l,     .  ^  •  K  .^ 

,leP.,- ,:„e,ns.,r('n       V,e,-e,M,„l ,     ,bnV,VM,     types    „r     u  Us,  e,.  1  ,Ze.  1     .  ■ ,  I  S 

aU„    nelie,.,..   ,hat    1  he"  pnu,.ipal    s„u,ve   nC   . ',  r,   is  fnan    ,l„.   n.spn-aic.n   ol 

, .,.       The    ..rea(es,    al Inl-    MM^n.niy    ,,1     C),    was    ass,..,al..,    vulh    u,e 

greatest  .h.v,.|,.pment  of  the,, lant.      ]!,•  n,.fs  that  ,.aeh  ph,n,  ,-xpern,„.n,e,l 

with  had  its,. wnsp<.cilicr,.spirati,.n  curve.  ,,      ,.  i 

^„„    Hr,o      1     1- .ol^■   C.iui.l  lilll,.  clh',.t  on  th,.  >  ci. 

,„„„.,„  „r  the  soil  ,.r  abun,h,nce  of  organisms.  ,.sp..c,ally  n>  th,'  ,.ar ly  stages 
„f  „,.owth.  11,.  also  not..d  th,.  oc-ucvnc  of  largvr  n,nnb,.rs  o  miero- 
,„..,;;nisn,s  about  plant  roots  than  at  a  ,listan,.e  fron,  th,.,,.  «'";'-  '-- 
„f  th..s,.  r,n,ln,.s  STV.KKV  ,|U..sl>,.us  th,.  ,-onclus,ons  ol  Iri.Tlx  ^198)  n, 
J-.xKM<„v  ,3>.  Th,.n.  is  no  n.as„n  to  ,l..ubt  that  at  .■,.rtain  p,.ri,„ls  a  part  ol 
„„.  ,.a,.,„.u  ,li„xi,l,.  ,.Aolv,.<l  in  th,.  r..spin,ti,.n  of  roots  is  '-""■";''•;'  ''-^  '"■ 
l„,„„„.,,,  ,|,„  ,„|„,„,  „„.  root  sn,-la..,.,  ,., .,  t h,.  rhi/osplcn.  .  58, 110, 180  .:  but 
„„.  ,„.;,„,„  .,,■  ,.vi.len,.,.  .3,  60,  198.  in,licat,.s  that  th,.  ftal  ,.ontnlM,ti„n  „ 
,|„.  s„il   CO.  bv  such   m,.ans  is   n.|ativ,.|y   insignili.-ant    .-onn-ar,.,!   wit  li   th-. 

, „ut  ,.vorv,.d  ,lnring  th,.  '.rowing  s..as,.n  by  ll„.  r,.spiratory  aetivily  ,.MI„. 

,„„,s      It  is  also  ap,,ar,.nt  on  physi,.o-eh,.mieal  groun,ls  that  ,l,.t,.n„n,a,  mns 

„,•  ,a,l,..u  dio.xi,h.  on  san,pl..s  ,.r  soil  tak,.n  un,l,.r  such  ,-on,l,t s  as  thos,. 

,les,.,.,b,.,l  bv  STAKKKV  (177)  alfocl  no  basis  tor  ,lrawing  ,.onclus,ons  c.m- 
e,.,.niu..  ,h,.',p>antilativ,.  r,.|ations  r,.|aliv,.  to  th,.  carbon  ,l.,.xnl,.  ,.l  th,.  m,.1 
atm„sph,.r,.  n,  situ.  This  sam,.  ,lisa,lvantag,.  appla's  also  to  .\1i;t/.,;i,k  s  ( 111, 
112.  att,.n.i.t  t,.  m..asur,.  th,.  ,.on,-,.ntration  ot  bi,-arbonat,.s  n,  s,>il  san,pl,.s 
i„„„,,liat,.|v  aroun,l  the  roots  with  thos,.  tak,.n  away  from  the  roots.  I,u. 
th,.s,.  m,.tho,ls  obvi,u,slv  .h.slroy  tl„.  ('<»,  ,.,|uililn.iun,  ,.on,l.t„.ns  actually 
existin..  in  tl„.  s,.il.  A  r,.vi,.w  of  m,.tho,ls  us,.,l  for  th,.  d,.t,.rm,nat  „.n  ,.1  ,-ar- 
1 li„xi,l,.  of  th..  .soil  at sph,.r,.  will  b,.  foniul  in  a  paper  by  1',.tti;k  and 

Snviii:i:   ("150) 

llrT,inNs,,N-  (721  ,.onclu,h.s  that  Ili,.r,.  exists  a  parall..lism  b..tw,.en 
l,a,.t,.rial  numb,.rs  ami  CO,  .•.mt..nt  of  the  soil.  This  r,.port  (72)  is  ire- 
,,u,.,illv  cil,.d  in  Ihe  lit,.ratnr,.;  but  it  is  sh^t.-by  and  lacking  m  ch'tails.      It 

tl xaet    paralh.lism    la-tw,.,.,!    soil    CO,    ami    bacterial    uumb,.rs    o,.curs 

tlirou..l,out  the  ...rowing  s,.ason,  this  fact  w.mld  1,.nd  to  show  that   th,.  root 
,,„„,.ibuti,m   w„uld   b,.   small;   but    when   sni'li    ,.,.rr,.lati,ms   ar..   attempted 
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(72    163)  tl,oro  arc  .oU  cV.ined  pon.al.  .heu  the  ^^^^^'f^^^^'J;^ 
^  J..     ■  Tf    tlipii    as  WoLLNY  and  otliors    (144,   198,  213) 

"  .tt    ?;..r:r;  n...  i„«  ::;:  oJ  CO.  a..pn.s  baet<.nnl  activity,  .„ 
::  Sio      V      d  t.   Ixpeeted,  .v,.i..l,  ,nny,  as  Prx.MKU  (149)  su..ests,  be 
ah    liMutatio,,  „r  tho  ox.v,o„  supply.     It  should  bo  „otod    l^.w...... 

;,;:/s.!,K..s  aSO  Minds  ,l,a,   n.n,   n.spin,,i.n  and  Ih.  .uml.,.r  ..,   l,a,.,.na 

|„  ,i,,  vhiz.>s|.hr,v  pai-alh'hM.in^.annlh..,-.  \ ,,,,  ,v  vri/s 

\V,.   ,nust,   1h..n.lo,v.   .-..nHnd..   that    .dhrr   Krss,:,  .,   and    •\'    '^^    '^^ 

,16    .    .vsnbs  .,.,.,.  d,„.  t alirn.ns  no.    n.adHy   dnpi.aPM   and     ha        a. 

,,,,,.,,sions  dnnvn  l^v  th.n,  an.  u..   or  .naa-al   appla.Maa,,  ,,,■  i^,       d^^^ 

tions  from  oxpori.ucuts  ..f  this  lyp.  .-arrh-d  out  >n  po  s  and  L-""  .'.'^     ' 
0    applioabl    to  conditions  in  tho  flold.     Tho  assnndut.on  an,    .dd.zafou 
T-     ,    ■•■■  -  ' r-h...-t«  -  ..onsidorablv  ^.Toator  than  m  UM  ox,)on- 

;;:;;  ''^'t  ;;;';•;>;»;:  ;■,;■;  ;-oots  pouotndo  t..  ..i. ....  intonsivo,y  „,., 

:l.  opou  fiohl.     As  a  .osnit  of  this  bottor  "tiH-^.on  ol  nutnon  s.     ,  o 

yi'""^  -  -'  --■'-; ^  -;:  '-':r^i  :;■  J;:::  t hirdi;;: ;  In':! 

ill  tlie  field,  noeontsu^'gostions  (32)  tooliminat(,  tiKsi  ui 
inixin.'  tho  soil  ^vith  oqnal  parts  h,)  volume  ot  <„iartz  sand,  h  nially,  it  is 
to  1,0  m,tod  that  thor,.  is  no  ovidoiu-o  that  tho  dis,.n>paiioios  in  tlio  oxpori- 
nioiits  discussed  above  ,-aii  be  attributed  to  tli..  relative  predonnnance  ot 
,„o|  ...spiratory  activities  as  a  result  of  the  relativ,.ly  low  rate  ol  ..xidation 
of  oro-aiiic  matter  or  rice  nrs<t. 

<,-       INTFXSITY  OF  TO.,  I>K()I)UCT1(.X  HV  KO(,TS  OF  DIFFFKFNT  SI'FCIFS.-      SllH'. 

tl.o -.tomic  ,roupin,s  and  reeiprocnl  linkages  of  the  rootsof  difTerent  p  ants 
,r.  not  similar,  it  could  be  postulated  that  the  respiration  aetiYity  <,t  tli( 
root  svstems  of  plants  ^vould  be  dilTerent.     Tl>e  eomplexity  oi  the  problem 
is  appreriated  ^vhen  sp(H.ific  data  for  the  respiratory  en.roy  nl  the  roots  o 
ditVerent  plants  are  .onsidered.     The  eauses  of  the  ^vide  variations  reported 
],v  ditrerent  investioators  for  identieal  types  <.f  plants  must  be  sou-ht  in 
Uw  ditTerent  conditions  of  experimental  teehni^pie.  especially  Avith  respeet 
to  the  difticultv  in  makin-  a  comparison  of  the  influence  ol    the  various 
factors  that   influenee  respiration,  sueh   as  eoncentration  ol    oxy-en.   tem- 
p.n.ture,  coneentration  of  carbon   dioxi(hs  and  nature  and  eo.u-entrat n.n 

'Tlnis'the  avera-e  amount  of  (M),  (>v..lve.l  in  'Jt  hours  from  barley  -rowu 
to  n.aturitv  was  found  by  Stoklasv  and  Kknkst  (182,  183)  to  be  <()  mo. 
p,,  ,.,n  drv  Avei-ht  of  roots,  ^vhereas  Xkwtox  (127  ).  in  plants  :U  days  old, 
fouiul  only  :^:)  m-.  of  (T).,  i)er  -in.  dry  ^vein:ht  of  roots  evolved  m  'Jl,  hours. 
]>>oth  of  the  abov.'  investigators  used  sand  as  the  substrate.  St..kl.\^a 
used  sterilized  sand  and  Kxoi'V  nutrient  solution.  Nfnvtox  used  lIoA.;- 
L\xi)'s  culture  soluti.m.     Xkwtox  has  thou-ht  that  possibly  his  method 
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of  simide  ditl'usion   may  not  have  measured   all   the   CO,   evolved    (130 j. 
IJut  the  a<i-reement  between  Dustmax's  (37)  results  and  Nfwtox's  shovs 
that  this  i"s  not  the  reason  and,  theoretically,  no  -ireat  dinVrence  would  be 
expect(>d  to  result  between  systems  dependin^^  on  dilTusioii  and  air  cui'rents, 
res])ectively,  since  the  measurements  must  necessarily  have  been  made  Avheii 
,.;ieli  svstem  was  in  a  stat(^  of  ('(piilihrium  between  outi)ut  and  removal  of 
CO.,    (104)  ;  IK.!-  is  there  any  evidence  that    these  lar-v  (litVerenecs  in   St.-k 
lasaV  and   \i:wt(»x's  values  ean   he  attrihiit.-d   t(»  any  -iv;!!    diii'.'ivner    m 
th,.  .-i-jv  of  tlie  plants  used.      X'alu.'s  obtained  by  the  writer   '  186  >    for  .sW'd 
cinvcr  in  s;iiid  cnltnivs  l.y  a   .similar  m.'tlio(i  to  that    used   hy   l'i!;inii;   and 
jiFAXTK    I  145  I    raie^'cd    from    S   !l    in-'.    i)er   <iram.    of   di-y    wei-lit    of    roots 
evolved  in  '24  hours,  compared  with  values  of  4.5  m«;-.  obtained  hy  Xfwtox. 
DusTMAx's   (37)   results  are  in  relative  a^rei^ment  with  Xkwtox 's.     That 
Stoklasa  and  Kkxkst's   (182)    values  are  far  id^^her  liian   is   usual   undt-i 
field  conditi(»ns  Avill  be  evident  from  a  consideration  of  the  followin«i:  facts: 
Stoklasa  concludes  that  the  microor<i'anisms  in  an  acre  of  soil  to  a  depth  ot 
1.5  feet  may  produce  Ix'tween  05  and  70  pounds  of  CO,  a  day  for  2{)0  days  in 
the  vear,  and  that  duriim'  the  <-Towiiio-  period  the  roots  of  oats  or  wheat 
would  <(ive  off  nearly  as  much  to  an  acre.     This  would  mean  a  loss  from 
decomposition  of  or--anic  matter  of  13,500  pounds  of  CO,  per  acre  per  year, 
or  0.471  xi:},5()0=-- 0,358  pounds  of  or<i'anic  matter.     This  value  is  abnor- 
mally hi^-h.     As  Xkwtox   (130)   points  out,  a  loss  of  onedialf  to  one  ton 
of   organic   matter   per   acre   pel'   year    is   (doser   to   the   avei'aii'e   loss    from 
normal  soils. 

It  must  ])e  admitted  (87)  that  calculation  of  the  carbon  dioxide  ])i'oduc- 
tion  ])er  <rram  of  dry  wci-^-ht  of  material  is  not  a  very  refined  method  of 
measurement,  owin<;-  to  the  variation  in  the  percenta«:-e  amount  of  proto- 
])lasm  in  the  various  ])lants  and  j)arts  of  plants,  the  resi)irat()ry  {^-as 
(\xchan«i'e  of  whi(di  depends  (Mitindy  upon  tin*  activity  of  the  livinj^-  sub- 
stance. Some  tissues,  smdi  as  wood  and  cork,  consisting-  for  the  most  i)art 
of  dead  cells,  do  not  resi)ire  at  all.  liut,  owin<z:  to  the  impracticability  of 
the  altei'uative  methods  proi)osed  (87),  the  simple  method  of  calculation 
on  the  basis  of  total  wei<:ht  must  be  used. 

Studied  from  a  rddfirr  shnidpoinL  however,  Stokkasa  and  Ekxkst's 
ivsults  aiv  de(M<ledly  valuable.  Thus,  the  si)e(drie  respiration  energies 
'amount  of  CO.  evolved  \)i'V  tiram  of  dry  wei«:ht  )  ol'  roots  found  by  them 
were  ])arlev  (iS.  wheat  !)0.  oats  127,  rve  IIS,  bu(dvwheat  2l'7.  in  sterilized 
sand  culture  experiments  they  found  that  the  above  values  wei'e  in  the 
same  relative  order  as  the  utilization  of  IVO,  and  K,,()  from  l)asalt  and 
gneiss.  As  already  pointed  out,  liAivWKov  (3),  too,  in  experiments  with 
lui)in,  oats,  barley  and  rye,  found  that  the  capatdty  to  absorb  Ca  from  rock 
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n     1    •  1  .«o    fnv    tlio    sDGcific    respiration    energy, 

phosphate   par^aieled   ^^^J'^lX  sub  tantial  aLrd  .vith  those 
Stoklasa  and  E^^^^st   ^shose      s     s  a  e      ^  ^^^  ^^^^  ^^^^  ^^^^_ 

of  Bakakov's    3  ,  point  out  tliat  the  ^aluos  tounu    y 

1       ,+    i,r,-,vov(^r   jifl'ord  any  indn'ation  ot  tlie  riiaxnc  a  ilius 
tinii  eiioi'i'ics  do  not,  i^OA\e^<l,  aiioiu  <ui^  rm,,,,. 

TAIU.E  11 

S,7..-    oy    UOOT    IIAIKS    ON    (  KUKAL    tlM)P    PLANTS 

~  '  II,  m.  ■"""• 

1.40  ^'-''l"- 

^^'^'■'*'^'     ,)<,s^  ().i!(l!)(> 

^^''^'  (,"s.;  ^••'•»''" 

^^^■^   ,)  ,;..  O.OOliS 

Wheat     ^-   "  __ 

"l-  STUKLASA  and  K.n.;stV  ivsulls  ,-an  !„■  .orrohoratcd  ^vo  youhl  l-ostu- 
late-  (])  That  ^vhen  the  rate  of  supiAv  "I'  -N,  i'  ^'"d  ^  are  sulhe.e,>tly  rapul, 
.s  „;  the  ease  of  aeeess  to  an  an,ple  supply  of  easily  soluble  ""t;-':;:'*^;;  - 
vi..ia  .vill  be  proportional  to  the  extent  of  root  system.  C-  1"'  /^  "  "  ' 
■,|H.s..  ..Ieni,.nts,  sueh  as  phosphorus,  is  present  ,.nly  in  a  dithenltly  solnl,le 
lona    the  yield  will  be  proportional  to  the  r,.si)irati(ui  ener-ies. 

J£ 'these:  eonelnshms  of  Stoki.asa  and  Kknkst  (182)  and  "'  H;-;  """'r 
i„v,..ti,ators  cited  (p.  44(1,  ean  be  pn.yed  to  be  of  general  "PI'  ■-"■'''>•;; 
„„,  ,„..,„„„ie  plants,  we  should  be  foreed  to  aeeept  the  yiews  ,.1  the  s  1  .ol 
that  regards  the  role  played  by  earbon  dioxi,le  as  the  jrreafst  laetor  d,.tei- 
,„n,in.''their  f.-edii.g  power.  The  lurd,  therefcuv,  for  more  ,..xaet  inlornia- 
tiou  on  tl...  iTspiration  eo..niei..nts  of  the  yarions  typ.s  of  eeononue  plants 
is  ap]iarent. 

1>.      To   Wll.Vr  E.XTK.NT   UOKS    CO,    IINCIION'    AS   A    SOLVENT 

a  Tin;  nninuTio.NAi,  wati.u  .,f  tiik  koot  ilmks  is  not  a  satikati-.d 
.o.r'no.x  („■•  CAKBox  D.o.xn,,:.-- Aukksox  (1),  on  th,.  basis  of  titration  and 
l,vdro..,.u-ion  eoneentration  yalnes  obtained  on  .see,///»f/  rooh.  eoneludecl 
Ihat  t'i.e  hvdrogen-iou  e.uu-entration  of  the  wat,.-  of  iinl)d,it,on  o  he 
niueila.dnous  "ni,.n,l)ranes"  of  the  root  hairs  in  elose  eontaet  with  the 
soil  partieles  eontaius  a  saturated  soluti.n.  of  earbou  .lioxide.     Kxp-.-ini.-n- 


THOMAS:  TIHO  FEEDING  POWER  OF  PLANTS 


453 


tal  evidence  is  cited  to  show  that  a  saturated  solution  of  CO,  is  able  to 
bring  into  solution  the  insoluble  soil  minerals,  especially  phosphates. 

But  Abekson-'s  view  is  not  valid  for  the  following  reasons:  (1)  A  satu- 
rated solution  of  carbon  dioxide  has  a  hydrogen-ion  conccMitratioii  of 
1  L>.  10  ';  this  exceeds  the  hydi'(>geii-i(»n  eoiieeiit  I'at  i<»ii  values  ot*  any  of  the 
root  exudations  r..nnd  by  Aiu:i;sox.      (L>)   Witti  any  given  cont<"nt  of  earbon 

.ii,,\i,ir    111    llie  .s.iii    alMM'.s,.!i.MV    it    is    pt.s^ih!.'    tn   .•akulalr   the   .M>,,t.'nt    of    i'i), 
.,,1,1    11('()     ions   111   tho   walff  (if   iiiihihit  i.ai    in   cMiilarl    w  il  li    it. 


Sinro  ITA      TI       A 
111 


[llAJ 


i'U.K 


II 


K' 


IIA 


or 


II 


\ 


HA 


and 


wliei-e  il  is  the  eoneentration  of  the  oi'iginal  acid. 
Since  1 11  J   is  small,  we  ha\'e 


(1) 

(-1; 


05) 


or  pll     -l/li  log.  K,      1/1^  l<'^  C 

For  polybasic  aeids  the  lirst  ionization  constant    may   be  taken,   since  the 

second  ionization  constant  is  small  compared  with  the  lirst. 

Since  the  1Ii:xi;y  cocl'ticient  at  S.T.V.  is  api)roximately  1:1  (199j,  the 
l)ercentage  by  volnme  of  carbonic  acid  of  the  soil  soluti(.n  and  the  per- 
centage in  the  soil  air  are  ai)proximately  identical.  Hence,  even  il'  the  sod 
air  contained  as  high  as  10  i)er  cent.  C0_„  the  soil  solution  (if  it  consisted 
of  pure  water)  would  also  contain  10  per  cent,  by  volume  of  CU„  since 
the  Hkmjy  coeflicient  is  1:1.  The  pll  of  such  a  solution  calculated  from 
the  above  eciuation  wonld  be  4.10.  Since,  however,  it  is  a  solution  of 
salts,  and  es])ecially  of  hicarbonates,  the  dissociation  of  the  carbon  dioxule 
would  be  dei)ressed  even  below  the  above  value.  Moreover,  Aueksox  has 
neglected  to  considei-  the  influence  of  the  salts  i)resent   in  the  cell  sap  of 

the  roots. 

b.  IIoaclaxd's  view.  The  data  (»f  IIoaoeaxd  <t  al.  (68,  70,  170)  would 
seem  to  aiford  evidence  that  CO,  may  not  i)lay  an  important  role  in  all 
soils.  These  investigators  found  no  measurable  change  in  the  r<'action  of 
soils  of  such  markedly  acid  chai'actcr  of  which  the  hydrogen-ion  com-entra- 
tion  is  of  the  order  of  magnitude  of  the  dissociation  constant  (3.0  x  10  ' )  of 
car])onic  acid  (200),  when  such  soils  are  partially  saturated  ^vith  carbon 
dioxide.  In  soils  having  a  lower  hydrogen-ion  concentration  (higher  pll), 
however,  the  change  in  reaction   due  to  partial   saturation  with    CO.  was 
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nuito  si,nificant.     Tl,e  de.muposition  of  stall  or  greon  manu  os  .n  acd 
soils  of  hydrogen-ion  coucentration  of  the  ahove  order  ol  „m,>utude  uould 
horetore    not  be  expeeted  to  increase  the  hydrogen-ion  eoneentrat.m  o 
:.il  t    suel,  an  appreciable  ext..nt  as  to  have  any  etteet  on  the  solut.on  o 
.•i„soluble"  .naterials.     Tnasnnu.h  as  there  is  an  over.helnung  anumn    ot 
^,^..,1,,,,,.,.   ,.,,„„   ,.,,,,  ,„a  |,„„n,1nry  ..xperi.uents  that  dee„n„.osn>.,  n.atl... 

is.  i-'.-i -"'•-■"'•>•'•'"'''"""■""•'■'""''"''''■"'"'""'■•■'''"!  ""/"''7'';'- 

^,,,,„  „,„  ,,„,  „r  ,,ee.,UM-sition  varyin,.  «ith  the  a.e  an,l  nalu.v  ,.l  e 
„,„:,,.l  m<  ,n,lals,.  „alun.orr,.nili/,at,on  ,206..  xve  sh.nh  nn  the 
,„sis  of  JloA.a,AN,>  and  SnAK.V  data  he  lo.v.d  I..  an>-il,u,,.  -le.  .„.,.,■ 
favorable  effect  in  the  majority  ol'  soils  not  to  carhonH-  a,.d  but  to  the 
intermediate  products  of  decomposition  by  the  sod  micr,>orgamsms  such 
as  butyric,  aeeiic  and  lactiC  avi^i.^     -...  v..o..v.L,a..  ,     ,.•    . 

<,£  tlic  order  1.8  x  10-  to  1.7  x  10  -and  possibly  also  to  replaeeinent  .tlrrls 
ill  the  exeliaiige  complex. 

HOAGLAM)   (68)   sums  up  the  situation  as  iolUnvs :  ^It  appears  to  me 
that  some  soils  are  so  aeid  that  CO.  is  of  slight  effect,  and  that  m  other 
soils  the  nature  of  the  soil  minerals  is  such  that  CO,  may  have  very  1.  tie 
influenee  in  proinotino-  the  solution  of  PO,  or  K;  but,  nevertheless,  tha 
CO    is  of  great  general  significance  because  of  the  existence  ot  a   great 
number  of  soils-not  inconceivably  the  majority  of  soils-^vhere  CO,  does 
appreciably  alter  the  culture  medium  of  the  plant.     In  all  this,  Ave  presum- 
ablv  must  eonstantly  keep  in  mind  the  difficulty  of  knowing  just  uhat  the 
elu'mical  svstem,  and  inffuence  of  CO,,  is  at  root-soil  partiele  interphases. 
Yet  it  is  Jvident  from  more  r^n-ent  iield  experiments  (166)   that  there  are 
exeeptions  even  to  this  generalization. 

The  influence  of  nitrification  processes  must,  hoxvev(>r,  not  be  under- 
estimated (187).  In  soils  rich  in  calcium,  nitrification  processes  are  gen- 
erally accompani(Hl  by  the  destruction  of  bicarbonates,  ij.,  ^^•ith  a  decn^ase 
in  the  buffer  value  and  inereased  utilization  (p.  MA\).  In  praetice,  then, 
the  aim  should  be  made  to  inrrease  the  decomposition  of  organic  matter 
without  greatly  inereasing  the  ealcium  eoneentrati.m  of  the  soil  solution. 
(Jne  wav'of  chiing  this  would  be  t(.  apply  lime  in  small  ai.K.unts. 

C.      KXI'KKIMKNTS   OX   THE   INFLrHNCi:   (»K   AUTIFICIAL   ADDITIONS   OF    r\UV><>S 

DioxU)K  TO  Tin:  son..-  It  might  be  expected  that  the  results  of  exi)erinH'nts 
in  which  definite  quantith'S  of  carbon  dioxide  are  introduced  into  the  soil 
in  which  plants  are  growing  would  give  results  from  which  definite  con- 
clusions could  be  drawn  ;  but  this  is  far  from  being  the  case.  LrNDKOAHDlt 
(103)  has  shown  the  beneficial  etfcH'ts  of  increasing  the  carlmn  dioxide 
concentrati(m  of  the  atmosphere  surrounding  the  external  assimilatory 
organs,  and  liKKAzr.ALF  and  l*»rK(;i:ss    (11)    noted   increased  absorption   of 
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P0.1  by  seedlings  from  "floats"  Avlien  saturated  Avith  CO,.  The  results 
obtained  by  MiTsciiFULirn  (118),  Pfeiffeii  and  Blaxck  (145),  and  also 
by  Parker  (140)  are,  however,  decidedly  negative  with  respect  to  its 
influence  on  the  absorption  of  difficultly  soluble  materials;  even  distinct 
injury  has  resulted  in  some  exi)erimeiits  (118,  145).  These  negative 
rcsnils,  however,  afford  no  proof  thai  the  carbon  dioxide  produced  under 
ti('!(l  coiidilioiis  docs  not  pla\-  an  important  role  in  1lic  assiinila!  ion  of 
iiiiiieral  nntricnis.  As  Tuot;  bO  >u-<jests,  the  e.|nil  ibriiim  <'oii(!it  ions 
U'o\'ci'ning  carbon  (lio.\i<le  e\ohition  in  the  sdil  at  llie  intei'tace  ot  tlie  plasma 
iiirmbrane  o!"  the  mot  li;iirs  m;iy  no!  ;is  yet  lia\e  hern  dupiieated  in  the 
Jab(»ratoi'y. 

It   is  unfortunate  that  all  investigators  have  used  eillier  (jiiartz  sand  (.i" 
soils  low  in  colloidal  material  in  which  the  factor  of  ion  reidacement  does 

not    play    llie    llllporiailL    loic    MI<IL    1L    «iuer>    m    .-hmi.>>    m^n    ill    vwiiv/ivi.ii.    aii.iLv  i^i.i.. 

Ill  view  of  the  fact,  moreover,  that  cai-bon  dioxich;  is  well  known  to  have 
toxic  effects  when  the  C0,/0,  ratio  is  relatively  high  (21,  24,  56,  118,  145, 
167),  this  possibility  must  also  be  considered  in  the  exi)eriments  liitherto 
coi:diicte(l  on  the  effect  of  CO,  additions.  Pfeiffer  and  Blaxck  (145 j 
observed  distinct  injnries,  especially  to  oats,  in  their  first  series  of  wheat, 
lupine  and  oats  cnltnres,  when  washed  (M)_,  gas  was  introduced  at  the  bottom 
of  the  vessel  for  10  minutes.  :l  days  a  w<'ek  at  a  i)ressure  of  2..J  atmospheres. 
\n  their  second  series,  when  water  saturated  with  C(J,  was  used,  no  injury 
resulted;  but  even  this  procedui-e  did  not  in  .MrrsciiERElcH 's  e.\])eriments 
(118)  prevent  injury  to  the  plants. 

\n  none  of  the  experiments  on  the  effect  of  the  artificial  addition  of  (,'0. 
is  the  total  concentration  of  carbon  dioxide  in  the  soil  at  any  definite 
interval  of  time  known.  The  ])ossibility  of  toxic  doses,  therefore,  is  not 
eliminated.  Thus,  in  Pak'Ki:k's  experiments  (140)  the  c()ncen1ration  of 
carbon  dioxide  was  sufficient  to  increase  markedly  the  absorption  of  silica. 
Evidence  exists  that  dilferent  plants  differ  in  sensitivity  to  C(J.  (45,  179 j, 
although  in  the  culture  solution  ex|)eriments  of  IIai.e  (  56j  wilting  occurred 
when  (X),  was  aspirated  through  all  culture  solutions.  Stokeasa  (182' 
and  also  lAXi)i:(;.\KDii  (102,  103)  found  that  a  concentration  as  low  as  1  pei- 
cent,  of  CO.,  in  the  soil  atmosphere  IT)  ciin  below  the  soil  surface  retarded 
growth,  and  \\as  e\"en  toxic  to  some  j)lants. 

It  is  of  interest  to  note  here  that  lMi;ii  ri:i;  and  Peaxck  (145j  ar^iue 
from  th(>  negative  results  obtained  by  CO,  additions  in  their  "oder-sand" 
cultures  in  the  i)res(Mice  of  rock  i)hosj>hate  that  the  data  afford  i)roof  that 
other  acids  are  exuded  by  roots,  because,  although  many  of  the  plants  with 
which  they  experimented  were  able  to  utilize  rock  ])hos])hat(^  (piite  well,  the 
artificial  addition  of  CO,  gav(^  in  all  cases  deci'eased  yields. 
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3.     KOOT  EXCKETIONS  OTIIEK  TITAN   CO, 

.c.      Tho  toiulcncv  of  the  European  Avorkers  (1, 
•1     The  DIVERGENT  viE\vs.—  l  lie  tona(n(>  ui   i  i 

28  55  120  183)  and  also  of  so.uo  of  tl,o  Americnn  „n-est,,ators  (52  67, 
68'  Ts' to  e  nph  size  tl,e  i.uportaneo  of  .arbon  dioxido  exudat.m  a„d  to 
'    ..,    I  t  M,.  of  oti,..,-  a.id  ,.x,„la,ions,  ..lativ,.),-,  of  ht,   ■  s,.,n   .an, 

,;        ,       ,   i„s .,s,.s.52,55,183)toM.-,in„11,..n-..Ms„.n..,..     <MI,.   s 

'S  m)   liav.  ,.|ain,,M  ..,  1..V  found  .ui.sUu...-s  o.lu.,.  .I.n.  a,..U   n,  1h,. 

!■,„.(    rxudations.  ,  _ 

1,     J„<nxrT,..x   r.r/nvr.rx    ,xrm:T,oN-.   m.-m    ,,.v,n.;    am.  l  ..ao   ■  '-'^'.^ 

!        iz  d  bv  CZ.U.KK    (28).  h   n,a,v  b.  H-stion,.Mf,   .,   pla.nun.  s.   ,, 
X    Tinu-nts '(12),  suffleiont  attention  has  b.on  paul  to  the  no..oss,t>    i  n 

cxiKununis   vj.   ;,       ^    ^  ^. ,■  i;,.;,,,,  ;,,ul  ilcad  cells  covdd  be 

niakin"  conditions  suen  thai,  (in;  cAui.,, v.. .,  .) ^ 

d^    r  ;tiated.     Tliat  this  point  is  of  importance  ,s  s   own  by     li<.  .esuhs 

f  Jonxsox   (75),  .ho  found  nn.rUed  ddfei-enees  m  ^^^■:^;;'';^2;a^^ 
1     1  I-  <'..n    vr^liit  (HI    111  the  ease  ol  li\e  ana  ai  ati  out 

'iTul  ('V  absorbed  from  a  (  al  l._.  soiuuon,  m  lj"^ 

cells      The  dead  beet  eells  remo\ed  onl}    -b.-  P<  i  ^<  i<  • 

,  11  1   19  7  T^or  font  •  but  th(^  t)roi)orTi()n  oi   ta 

^vhereas  living  beet  cells  removed  43./  pd  cent.,  out  mi      i 

absorbed  ^vas  nearlv  the  same  in  both  cases. 

;  s-Lhuct  (133)  and  also  Kfoou-s  (160.  161)  have  "-so  called  a      ,. 
ti„n  ,0  the  etfeet  of  hydrolytie  dissociation  of  neutral  salts  and  ^^  th     <t 
of  the  differential  rate  of  ionie  absorption.     These  s.-eoudai-.v  eU-t^.  du 
to  differences  in  the  permeability  of  livin,  and  dead  cells,  .ill  be  discussed 

M-TKiK.xT    ,u.:,unn.:.MKNTS.-(l)    TH    On;,-,    .utM    o,!    "W'r-W-- 
assn.nption  that  acids  .ere  c^xud,.!   from  roots  served  as  a  basis   Un    th. 
, Mts  of  Dv.:.<   (38)   and  his  school  to  ascertain  Ihe  fertilizer  re,|U,re- 
;;:e;:;s  ,.f  sons.     Dv,:.  ;,r.ued  that  if  a..ids  are  ..xuded.  ,he  total  acidily  o 
,1,..  sap  should  be  an  approximate  measure  of  its  solv.-ut  actio,,.      I  he  sa 
„„i,i,v  .as  obtained  by  ave,-a,i„,  the  .vsnlts  of  ,l,.t..r„.,„at,..ns  lor  lot 

.cidit'v  of  the  .ater  ,.xl,-aets  of  the ts   fn-n,   over  a    hu,,d,-ed   .bile,,, 

s„ecic's  of  plants.     This  .as  fmind  to  b,.  ..pial  app,'ox,n,ately     o  a   1  pa 
;.!.„t.  solution  of  citric   aci,l.      I.i.m.kkmaxn    (96)    also  a,lopted   a  s„n,h, 
,,i,..,.i„„  and.  as  .e  shall  sc-  lat.r,  the  ,,-eater  ass„„,  ato,-y  ab,  ,ty  of      » 
]..,„minosae  co„„,ar,.,l  .ith  the  C-aniiueac  was  attr,butcd  by  h,n,  to  th- 
„.,,.ater  total  acidity  of  th,"  I'oct  sap  of  the  lor,„er. 

^     l„f,„-n,ati.m  on  the  natur,.  of  the  ,-oot  ex„,lati..ns  .as  also  sou-ht   b> 
(■/A,M  K  (28)  and  luNZ,:  (89)  by  brin-in..;-  intact  seedhn-  I'oots  ,„  eontae 
^v,tl,  litn,us  paper  and  notin,  the  chan.'c  in  color.      It   has  bcu  s„f.,-estcd 
by  Hws  (54)  and  otl,ei-s,  ho...v,.|-.  that  it  is  not   possible  to  reach  dcl,i,ite 
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conclusions  from  this  typo  of  experiment  because  dill'ci-ent  roots  may  differ 
in  their  capacity  to  absoi'b  the  blue  dye  of  litmus.  Differential  absorption 
cannot  account  for  all  the  facts,  for  Kunzi-:  (89)  showed  by  tit,-ation  in 
pai-allel  experiments  that  the  acidity  exhibited  .as  far  f;reater  thai,  that 
indicated  by  the  turuin^'  point  of  litmus.  And  thi^re  is  no  evidenci^  in 
Kr-\zi;'s  experii„ei,ts  that  the  acids  ai'ise  r,-oii,  i,,.iii,-e<l  or  dead  cells.  It 
is  i-li',-ir.  tun.  Hint  KiN/.i;  ,'cci^i;iiizc,l  ill.'  I  i  ,11  it  a  li'ii  IS  of  lilMiii^  p.-ipri'  as  an 
iiidicaloi-.   I'll,-  in-  slates  thai    in  sonic  |ila,ils  the  a iiiil    "f  .arid    lirs  li.  h.w 

llir    selisil  ivily    nf    lit, II, IS. 

(V.aii:k    '28.    alli'iliiiliMl    (he    ,-<'il    cohn-   niilaiin-.l    liy    pr.-ssiirj'   s lliirjs 

auainsi    hliic    litiiiiis    pap.-i-    In   the   cMnhilinii    nf    KM   l''l,.    and    riii|)li.isiz..,| 

the    fact    that    the   cxi,<latio,i   of   this   salt    could    not    I xplai,ii'd   by   aii\- 

i,,iui-v  to  till'  cells  of  the  root  hairs  because  the  same  I'esiilt  was  obtai,ie<l  ii, 
culture  ('X[)('rim('iiis  where  iiicic  roiihl  i)r  ii"  »|u<:-,lioii  .•.  ir.j'.ii'y;  .)i',,  :,  is 
to  be  noted  that  (V>a1'1:k  did  ii<>1  find  the  drops  of  li(piid-  always  lo  be 
observed  on  the  roots  of  seedlinjis  developed  in  a  luunid  atmosphere  to 
be  acid.  Pimamsiixikov  (153)  also  found  traees  of  PO,  in  the  root  serre- 
tions  of  s((dlin<js,  but  no!  j'n^n   full  (jvowu  lunindl  itUnils. 

The  Avliole  subject  of  the  seei-etion  of  acids  other  than  VA) ,  ^vas  sub- 
jected to  a  critical  invest i'jat ion  i)y  Stoklasa  and  Eunkst  (183)  Avith 
lloydium  ruhjurr  and  Zra  iikiiis,  us'wvj:  a  different  teelini(pie.  The  seed- 
lings were  allowed  to  develo|)  for  T")  dnys  in  distilled  water  and  then  trans- 
ferred to  exi)erimental  eylinders.  thronj^h  wliieh  iM)  liters  of  sterilized  an' 
free  from  CO.,  wei'e  passed.  In  one  series  of  experiments  a  mixture  of 
().,  and  X,  <ias  was  used.  I'nder  lliese  (M.nditions  ( "(  )  ,  ;iiid  ;i  ti'aee  of  11.^ 
was  found,  but  no  PO,  nor  SO,.  In  view  of  the  fact  that  a  lar-v  number 
of  invest  ii:at(»i-s  (8,  13,  79,  94,  101)  had  reported  the  presence  of  lactic, 
acetic  and  formic  acids  in  the  root  exudations  of  i)lants,  Stoke.xsa  and 
Ek'.\i:st  carried  out  a  sinnlar  series  of  <'.xi)eriments  fi'om  which  they  con- 
clude that  these  acids  were  only  exuded  when  the  I'oot  system  sulfei's  1  rom 
lack  of  oxyii'eu  and  is  the  result  of  p;ii-tial  int  ramoleenlar  respii-at  ion. 
AVIien  the  snjjply  (»i"  oxyiicn  was  snflicieni  (»nly  cai'hon  dioxide  A\as  lound. 
Tiiese  ex|»eriments  were  cni'ried  out  at  a  unifoi'm  teiii|)ei-;it  nre  ( -i)  -'2  ('.') 
and  observations  were  made  f(»i'  10  I'O  days.  Air  <-oii1;iinin'^-  7-radinm 
emanations  incrensed  i-espicat  ion  considerably. 

S'|-()KL.\sa  and  also  11  all  ( 55 »  have  .-ii-izned,  fi-om  an  eeoh.uic;)]  slaiid- 
I)oint.  that  it  is  improbable  that  such  imp(»r1;in1  nntrients  ;is  K  and  1\0 
would  be  exuded  fi'om  the  root  system:  but  this  ])osition  is  untenahle.  for 
iminy  exi)eriments  (15,  207)  show  very  elearly  that  i)lants  may  retni-n  to 
th(>  soil  at  some  staj^'e  of  their  <^rowtli,  usually  at  matni'ity,  some  of  these 
imi)ortant  nutrient  elements. 
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(2)    The  indinel  method  of  «pi.ro«.-7,.-^S,.mc  investipitors  (117,  145, 
181    192        n    l.e  otlu..  ha.ul  hav.  sou.ht  a  solution  of  the  probl.u  o 

ad    ILL  of  .oots  by  detenninin,  the  '^^^;"-l^^^Y  TZuulflS 
,  l,nts  for  difti.ultly  soluble  materials,  like  roek  phosphate,  an  I  IIai.i.  (55 
i;  ::tu'ht  a  solution  by  taUi,,,  out  a  balanee  sheet  between  the  aeui  and 
b,s,..rontain,.d  within  the  eoinplelely  developed  plant. 

,,,  ,/ ,7.7,,, ■/„./,•.■  ,-,<m>.-The  eon-lusions  ITou,  1h,.  nMnvH  n,.tl,- 
,„Ua.",...<i"l.v  .M,Ts.H,:.uen  .  119  i  and  Ihat  adop,...!  by  P,  lu  ,KU  and 
;  ,tK'.145;an..-ou„-adi-U„-y.  ,Mnv,  ,n:K,,,e„  (HO  -  mai,da,ns  ihaUns 
..\Virkun.sralUo,.-  values  are  a  -..ns,,,n,  ..hara.-l.r,.!,.  l..'  ,.,.•!,  nunnn.. 
(fertn.zer;  on  all  erops  and  aU  soils.  This  'MaW  ol  .Mrr^cH .:.,,, en  >s 
expressed  by  tlie  equation 
dx 


dy 


-k(A-y) 


(T) 


,,,,,:;; 't  J •\v.Hun,Sal<tc,;^orae;L,  produe..!  by  the  nutrient  eh.n,ent 

applied, 
A^maxiiuum  yield  Avheii  x  is  not  liniitin<?, 
x  =  amount  ol'^nitrient  element  added,  _ 

1)  =  amount  of  available  nutrient  already  pn^scnt  m  tlie  soil, 
y  =  yield  obtained  by  applicaticu  of  nutrient  ("lemcnt  x. 

Tie  ar-ues   therefore,  from  the  eonstaney  of  c  that  all  plants  must  have  at 
their  disposal  the  same  a-ont   for  the  decomposition   of  diflieultly   sniubh" 
material  and  that  this  is  CO,  exelusively.     In  reeent  years  he  appears  to 
have  ehan<.-ed  his  views  to  some  extent  as  a  result  of  the  foUowni-  cxpcMM- 
nuMit  (120),  ^vhieh  is  easily  carried  out.     AVhen  a  v.Ty  ddute  solution  ot 
\\V[    (O.OOUl  N)    is  added  to  root  hairs  (observed   und(>r  a   microscope,   at 
lirst  local  swellino-  up  of  the  protoplasm  can  be  observed,  followed  by  a  rup- 
ture and  expulsi(»n  of  the  i)rotoi)lasm  into  the  surroundino-  medium.     Alter 
some  time  new  root  hair.^  arc  formed,  showin-  that  the  injurious  effects  ot 
loo  hio-h  hvdro-en-ion  concentration  have  Ixm^u  overcome.     Th.'s.'  phenomena 
mav,  hi  part,  be  explained  by  the  tendency  of  plants  to  chan-e  the  r.^actmn 
,,f  "the  medium  in  the  direction  of  neutrality  as  observed  by  Paxtaxklli 
(138),  lIoAcu.Axi)  (64,  65,  67)  and  Titkkox  (185).     The  medium  mi-ht  br 
lUMitrali/ed  bv  the  jil)sori)tion  of  hydro-en-ions  and  the  excretion  of  <  )11  wm^ 
simultaneously,  or,  as  Mitsciikklkii   believes,  the   injurious  effect   of  tiic 
ncid  may  be  c<»unter-balanced  by  the  liberati(m  of  substances  of  the  nature 
of  or<ranie  butl'ers.     These   ideas  W(mld   coincide  with  :\rAzi':'s    (109)    and 
also  COMBLK^S  view   (26)   that  substances  other  than  thos(>  of  acid  nature 
take  part  in  the  solubilization  of  mineral  nutrients.     That  considerable  or- 
o-anic  matter  is  liberated  from  tlu^  root  saj)  and  root  hairs  slouo'hed  off  by 
plant  roots  is  shown  by  the  observations  of  Lvox  and  WiLsox    (105),  but 
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these  lindino-s  are  not  applicable  as  evidence  to  the  exudations  oi'  intact  root 
hairs.  .Mixlma's  investio-ations  (116)  atl'ord  some  evidence,  althou-'h  indi- 
rcH't.  that  or-anic  acids  are  excreted  by  roots,  on  the  basis  that  the  period 
(,t'  maximinn  excretion  of  n(m-volatile  or-anic  acid  ))uffers  is  coincident 
with  that  of  maximum  acidification  of  the  soil. 

.Mriv.iii:i>'LU'ii,  in  his  earlier  i)apers  (118),  held  the  view  (146,  147)  that 
,1,,,  ;,,,!. Mini  of  i*,0,  absorbed  from  r..c!;  phosphate  bv  oals  was  identical 
\^iIl,  il,,.  anioniit  dissoUvd  by  a  salnral.'d  solnlioii  of  mrbon  (li...xi(le.  ;.m(1 
,.,,iic!ii(hMl  ill7,i  thai  the  (litTerent  ' '  A  n  r,s,-hliessiin-'s-vei-ni(")-vM  " '  of  d  ilVer- 
,.,,!  philils  rollhl  l)e  rxplaiued  bv  ( !  i  iTerei  ices  ."xhibile.l  ill  their  ability  to 
,l,.\vlnp  !■(,(. 1  .systems,  which,  in  turn,  is  i.rop.aM  loiial  to  the  amount  r,\  e;ir- 
bon  dioxide  resj)ired  by  them.  More  recently  he  has  modified  these  views 
and  has  discarded  chemical  methods  as  bein-'  inadecpiate  (119).  Indeed, 
it  has  been  found  by  numerous  workers,  especially  by  Kr..Ni(.  (82)  and 
SciiLoKsixc  (168),  that  oats  and  other  i)lants  may  absoi-b  far  more  P J) , 
from  rock  phosphate  and  other  soil  phosphates  than  can  be  dissolved  by  a 
saturated  solution  of  CO,.  ViiKWi  and  Kku  (43)  also  drew  similar  conclu- 
sions with  respect  to  the  soil  KJ)  oi'  the  fertilizer  plots  of  this  Kxperiment 

Station. 

In  evaluatinj^:  these  opposino-  elaims,  it  should  be  rcMuembered  that 
Stokt.asa  (180)  and  Stoklasa  and  Ek'XKst  (183)  found  that  lactic,  acetic, 
formic  and  (.xalic  acids  were  excreted  only  when  the  r(H»t  system  sutVers 
from  lack  of  oxy-cn  ;  but  as  yet  there  are  no  critical  experiments  indicatin*.- 
whether  Ol-  not  under  avera<:'e  held  c(»nditions,  the  system  in  immediate 
contact  with  the  roots  may  not  be  relatively  deficient  in  oxyo'en.  The  ac- 
cumulation of  these  or'ianic  acids  due  to  incomplete  oxidation  of  the  prod- 
ucts of  respiration  has  })een  found  by  Stoklasa  to  be  hi<'hly  toxic  to 
])lauts.  This  view  is  further  sui)i)orte(l  by  :\rAZK's  experiments  (109)  with 
])eas  in  sterile  cultures.  That  the  problem  of  air  renewal  is  a  serious  prob- 
lem. esi)ecially  in  some  of  tin'  finer  textured  soils,  is  apj)arent  from  techni- 
cal remedies  such  as  (lraina<:-e  and  croj)  r<'sidues  devised  to  meet  it. 

(1))  II<ill  and  Mdlrr's  (.rjxrinienls.  One  of  the  ar<:iiments  used  by 
Halt.  (55)  upon  whicli  to  substantiate  his  conclusions  that  only  CO.,  is  ex- 
creted by  the  i)lant  is  based  on  the  findin<:-s  of  Hall  and  Millkiv  (57)  that 
the  net  action  of  the  ])lant  ujx)!!  the  soil  is  to  leave  an  <'xcess  of  base  in  the 
soil.  This  result  was  arrived  at  by  taking-  a  balance  sheet  between  the  acid 
and  bases  contained  within  the  c(.mpletely  developed  i)lants  (wheat,  barley, 
sweeds  and  hay)  of  the  Kothamsted  rotation  experiments  on  the  A<!-dell 
field,  and  also  of  wheat  and  cabba-xe  i)lants  o-n»wn  in  culture  solutions. 
These  experiments,  however,  do  not  take  into  consideration  the  effect  of 
hv(li-n-vn-ion    concentration.      As   Tiikkox    (185)    and   others   have   empha- 
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Sized,  greater  equivalent  proportions  ot  anions  tl.an  of  eatH>ns  ar.  ab.n],ed 
on  the  acid  side  and  on  the  alkaline  side  the  reverse  l.olds  true.  1 1  Hall  s 
statements  had  been  made  later,  tliey  undoubtedly  ^vould  have  bc>en  mod.f.ed 
as  a  result  of*  the  reeent  proo-ress  in  physieal  ehc.uistry.  Furtb(>nnore  tlie 
validitv  of  the  assumption  ma(h'  by  Hall  that  all  the  uitroovn  n.  th.  plant 
shouhriH-cal.M.lat.dnsa..  n.ido„1lH-bnsis1hnt  .11  th.  nit  rn,vn  ...1 -rs  1 !,. 

phint   as  nitrate  may  br  (pK'st  iniicd. 

(C)     Kupprir.s  ,.riHrim.nls  an   r.rin.ss.J   mnl   saps.      '1  he   pm.MMhiiv 
,.r  KxvvvK   ill^  oi'  (l.'terniinin-  the  total  aeidity  and  hydro-.'n-i.m  eonem- 
t,,t,on   of  the  expresse.l   sa).  of  the   mots  of  niatun"    i)hnits  -roNvn    ,ii    held 
experimental  plats  is  more  i)ertinent;  but  even  in  thes<>  experinn-nts  values 
cannot  be  re-arded  as  absolute,  because— as  ^ve  shall  see  later-of  the  ex- 
•...,.,    ,^|'    ..^   livdro'-en  ion   coneeiitr;ition    j/radient    (53,    195).     Moreover, 
laPi'Ex's  experiments  are  open  to  the  eritieism  that  they  do  not  distinguish 
between  ditfusion  products  and  exudati.ms  of  the  roots,     (^msidered  ]i<»w- 
ever,  from  the  standpoint  of  the  relative  comi)aris()ns  l)etween  total  acidity 
and  hydroo-en-ion  concentration  of  the  respective  root  saps.  Kaitkn's  data 
indicatinn^'low  hydrogen-ion  concentration  values  but  hi--h  titration   num- 
bers are  instructive.     Only  0.1  per  cent,  of  the  hydroorn-ions  Avere  found 
to  be  present  in  the  ionic  cmiditi(m,  the  remaind(>r  bein-'  in  the  undissoeiated 
form.     The  inevitable  conclusion   is  that  the  root  saps  must  consist   of  a 
mixture  of  free  or-anic  acids  and  their  alkali   or  alkali-earth   salts.      This 
})oint  is  of  interest  l)ecause  sueh  an  arran-'ement  \V(»uld  ensure  the  or-anism 
a<xainst  too  violent  fluetuations  in  the  de-ree  of  acidity  of  its  sa]).  and  is 
Mnala<:-ous  to  the  conditions  that  exist  with  other  pliysiolo-ieal  fluids,  blood, 
urimO'tc.     P.oth  (Jkou  (49)  and  Pavlinova  (143)  come  to  the  same  con- 
clusion  as  Kapi'KX,   but   the  deducticms  of  the  latter,   unfortunately,   are 
of  limitcHl  application  because  only  seedlings  were  used.      They  are  ol    in- 
terest,  however,   in   that   they  show   that  tlu'  older   technicpie   adopted   by 
CzAi'KK    (28)    is  useless  to  determine  the  reaction   of  the  water  exuded  by 

•^uttation. 

(d)  Ihws's  (.rprrimnifs.-  Haas  (52)  sou--ht  a  solution  of  the  pi-ob- 
lem  of  root  exudation  by  determinin*:-  simultaneously  the  hydro'-vn-ion 
coneentration  of  solutions  in  whieh  seedlin*:-  i)lants  were  ^tow  ino^  ;,,,(!  also 
ill  eontrols  without  ])lants.  After  the  (^O,  had  been  expelled  by  a  current 
of  i)Ui"e  1I„  the  liydro<:-en-ion  coneentration  of  both  seri(^s  of  cultures  was 
identical.  Althou<zh  this  method  eliminates  tlu^  possibility  of  eonfusin<r 
the  exudation  of  livin«r  eells  from  those  of  dead  cells,  it  is  doubtful  if  the 
conclusion  drawn  by  Haas  from  these  experiments,  r/:.,  that  plants  (h»  not 
exude  other  acids  than  (M),,  can  be  extended  to  maiurr  phnifs.  The  nnn- 
eral  nutrient  re(iuir(>ments  of  the  10  day  seedlin<xs  with  which  Haas  Avorked 
are,  of  course,  much  less  than   in  more  mature  ])lants. 
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C.    The  influence  of  the  degree  of  the  acidity  of  the  cell  sap 

In  view  of  the  emphasis  placed  by  many  investioators  upon  the  i.ifluence 
of  the  decree  of  the  sap  acidity  of  cells  as  a  determinino-  factor  m  the  leedm- 
of  plants? it  is  pertinent  for  us  to  inquire  more  closely  into  this  phenomenon. 

1.      Does    a    llYI)i;()(iE.\'-I()X    CONCilN'l'KA'iMON    ClJAniENT    EXIST 
MtlMMPdi    11, .TO    is    sufliriont    evidceo    to    in.lir;,te    that     the    h.V  d  n.-e,  .ion 

,„neontr;.t.on   of   the  suhstrnto   l,;,s  ;n,    in-lire.-t    iniluen.o  on   the   .rout!,   ot 
p],nts    ,t    is  not    detinileiv   known    what,   if  any.   ivlntion   exists  betweo,,    tlu" 
l,vdro<MM,-ion    ro„.-.Mlr;,r,on    of    iho    ne'diuni    .nd    11,:M    of    th-    n.ol  .hoi  i.-;,  I  !y 
.,Hive  tissues.      JacoI'.s    (73,  74,,   in   the  cas."  of   isolated   cells,    found    iion.". 
Ho\(iEANi)V  results  (66)  on  barley  -n.wn  in  water,  in  sand,  and  also  m  soil 
cultures  indicate  that   the   pH  values  of  the  sap   of  the  tops  were^  almost 
identical,  even   thou-h   the  i)ll   of  the   nutrient   media   varied   uidely,    n:., 
from  4.!)4  to  (i.7(;  in  Avater  cultures  and  from  7.0:5  to  7.:U  in  soils.     Heed 
and  Haas  (157,  158)  report  similar  results  from  Avater  culture  experiments. 
The  latter  (157)  and  also  Thekox  (185)  have  obtained  comparable  results 
in  the  case  of  the  sap  of  tops,  but  in  the  roots  Tiiekox  (185)  noted  that  the 
pH  increased  with   increase  in   pH  of  the  medium    (substrate).     The  ex- 
istence of  a   definite  hydroo-en-ion  concentration   ^n-adient   in   the  case  of 
al-ae  has  been  shown  by  Child  (23)  and  in  some  of  the  hi-lier  plants,  grown 
in"  soils,   by  Haas    (53)    and  in   animal   tissues  by  (irsTAisox    (51).     TIk^ 
re^nilatorv  influence  of  buffer  systiMUs,  therefore,  must  vary  considerably 
i.rditrer.Mit  parts  of  tin-  i)lant.      The  data  of  Ha.vs   (53)   are  illuminatin- 
In  Mflilolus   albii    (second   year   -rowth),   the    following   pH   values   were 
obtained:  Soil  extract,  7.(iS  ;  root    ((i"  porti(.n  below  u])i)er  2"),  .l.S'J  ;  root 
(2"  of  ui)per  part),  (i.4(i;  leaves  and  petioles,  7.04;  stems,  (i.(iS.      Tlie^pH 
of  the  mixed  upper  T  of  th(^  tops,  stems,  l(^av<'S  and  buds  was  S.O.      As  Keei) 
and  Haas  (158)  later  pointed  out,  any  hypothesis  bas(>d  upon  ditTeivnces  of 
acidity  of  the  plant  sap  and  the  external  mcHlium  must  account  not  only  for 
the  accumulation  of  inorganic  elements  within  lln^  roots  but  also  f(.r  their 
movements  to  otluM-  ])ortions  of  the  ])lant.      Investigators  in  this  field  must, 
moiTov.'r,  take  cognizance  of  the  fact  that  marked  change  in  the  hydrogen- 
ion  concentration    usually   occurs   within   an   hour   after   expression   of   tln^ 

l)laiit  sai)  (25,  50,  61,  195j. 

From  the  foregoing,  it  is  api)arent  that  we  are  not  yet  in  ix.ssessK.n  ol 
sufficient  evidence  to  determin(>  whetluM-  or  not  the  c(^ll  saj)  of  tissu(>s  i)os- 
sessing  similar  functions  have  hydrogen-ion  concentration  values  that  may 
be  characteristic  of  the  species.  The  assumi)tion  that  ro.»t  sap  acidity 
values  are  a  characteristic  of  the  species  formed  the  basis  of  much  of  tlu' 
experimental  w<»rk  by  the  (lerman  investigators,   (1,  89,  96)  in  their  search 
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for  a  solution  of  tlie  causative  factors  determiuiug  the  -Aufschliessuugs- 
vcrmo-eu"  of  different  species.  Tlius,  the  Graniineae  and  the  Legumiuosae 
^v.re  supposed  to  he  sharply  differentiated  (96)  on  the  basis  of  the  acidity 
of  their  root  sap,  nntil  Kai>pkx  (77)  and  hiter  Stoklasa  (181)  showed  very 
definitely  tliat  tlie  distinction  held  neither  for  the  titration  nor  hydro-cn- 
i,,„  ,on.Vntrali..n  val.U's.  Stoklasa's  cxpcrin..Mds  (181).  if  confirnKMh 
,v.,uld  lr;,d  \n  tlH"  conrlusi.m  l!,a!  111.-  aridity  (.!'  the  sap  ..f  tin'  rents  ..1  all 
.ultivatr.l  pl^ii'ts  is  n.sir  nrutrality,  .'xccpt  wlirn  ins.if!!ri,>nl  nxy-n,  is 
|,,vs..i,1.  uiKbT  wliirii  latter  ronditi.M!  111.'  a.'idity  iii.-iva^.'s.  11.'  cuiphasi/.t's 
,1,,,   .i-niliraiMT   n\-    tins    fad    f.T    Hi.-   (I.'vcl..p)ii''ii1    i.f    tlir    ha.-tcria    nf    the 

rlii/(>s{)htT.'.  -iQyi 

As  we  shall  presently  see,  workin--  on   this  assumption,  TmoG    (194) 

;jov.   ihni  11. o  r.MHliiKv  nowcr  of  different   plant  species  is  a  function 

,)[•  the  different  intensities  of  the  acidity  of  the  respective  sai)s.  Thus, 
buckwheat  and  clover  are  cited  as  types  of  plants  with  hi-h  and  low 
acidities,  respectively.  The  table  below,  liowever,  taken  from  the  data  of 
Truug  and  :^[i:a(iiam  (195),  Kappen  (77),  Haas  (53),  Stoklasa  (181), 
and  Abehsox  (1),  will  show  how  impossible  is  such  a  classification,  at  least 
with  the  methods  hith(4'to  adopted. 

TAliLE  lit 

I'll    OK    IU<  KWllKAT   AND    KKD    Cl-OVKK    ROOTS    KKI'OKTKD    HV    SKVF.KAF.    I W  KSTKI ATOKS 


Invkstigatok 


■l'Kro(i   and  Mf.acham 

JvAI'l'KN      

Abkhson      


JiAAS      

STOK  I.ASA 


P>r(  IvWIlKAT 


1\KI)    CLOVHR 


4.0 -4. a;'. 
r..7-r..<» 

4.8  (mature  1)1:ihI) 

')A  -  T).!)  (seedlings) 


.").(')- 

5.9 

(>.'2 

7.9- 

8.4 

r).8  - 

■G.l 

C.G 

Further  development  of  N7:me(''s  work  (125)  on  the  hydro<j^en-iou  con- 
cent rat  ion  of  the  sap  of  seeds  of  a  lar^re  nuiid)er  of  different  species  ot 
l)lants  i)r()mises  from  the  practical  standpoint — to  clarify  the  whole  situ- 
ation. Seeds  are  more  nearly  constant  in  comi)()sition  than  other  parts 
of  plants,  and  Xemec  found  that  the  hydro'-cn-ion  concentrations  of  the 
seeds  of  plaiits  adapted  to  acid  soils  are  relatively  much  hi^'her  than  those 
adapted  to  alkalin<'  soils.  it  is  of  interest  to  note  that  the  sai)s  from  the 
s(Um1s  of  })arley,  corn  and  jx'as  were  found  to  have  the  lowest  hydroycn-ion 
eoneentration,  pll  (i.lo  -  ().;U). 

It  has  })een  a  matter  of  lon^  observation  that  such  ])lants  as  sweet  clover, 
alfalfa  and  lettuce  ai-e  adapted  to  orow  on  soils  at  or  lu^ar  the  neutral  iK)int. 
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AVluii  soils  to  whicli  these  plants  are  adai)ted  are  allowed  to  jio  unlimed, 
they  are  replaced  ])y  others  that  are  less  sensitive  to  aeid  conditions. 
Camargo  ct  al.  (19)  have  i-ecently  shown  in  controlled  exi)ei'iinents  that 
the  oi)tinium  frrowth  of  roots  of  th<'  coffee^  j)laid  is  at  1)11  4:2,  which  affoi-ds 
an  ex])lanation  of  their  ada))tability  to  acid  soils.  The  v(A]'vo  ])lant  is 
"•reatlv  iniured  l)\'  even  moderate  limin;^'. 

1).    Theories  proposed  to  explain  differences  in  the  feedini^ 

power  of  plants 

1.  Till  A  I'l'l,!.  A'iK  (N  .'i  TIM  1 .  \  W  <>r  M\--  A'TluX 
T.sriiiiMK.tW  (196,  197)  stl-esscd  the  impoi'tatirc  (»f  the  CaO/lVn  ]-;ttio 
in  the  ])lant  as  an  imi)or1aid  factor  in  the  ability  of  different  i)lants  to 
supply  themselves  Avith  enoii<.i'h  PJ)-,  from  difficultly  soluble  phosj)hates. 
Plants  iiavin<'-  a  lii|jh  enerj^y  absor])tion  for  ('a  would,  accordinu'  to  him. 
dei)ress  the  Ca  concentration  of  the  soil  solution,  resultin<^'  in  an  inci-eased 
solu))ility  of  the  ])lios))hat(\  The  smaller  the  amount  of  V.(>,  lu'cessary 
for  the  formation  of  one  unit  of  or^-anic  substance  of  the  ])lant  (i.e.,  the 
smallei-  the  perc<Mita<.;'e  of  VJ^.  in  tin*  i)lant),  the  ^^reater  ol)viously  would 
be  tl)(^  effect  of  P.O,.  Fi-om  this  viewpoint  the  ca|)acity  of  the  ])lant  to 
absorb  difficultl\-  soluble  phosphates  is  directly  parallel  to  the  (piantity  of 
('a  absorbed  and  inve!-sely  ])arallel  to  tli.'  IV_<)-  i'e(piirement  of  the  ])lant. 
TiM'oc.  (192,  194)  has  extended  Ts(im;iKow*s  vi(>ws  further  and  has 
invoked  the  conce|)t  of  e.piil ibj-iiim  between  calcium  ])liospJiate  and  cai-bonie 
acid,  on  the  one  hand,  and  the  products  of  their  iidei'action,  on  the  otli.-r, 
as  cxpi'essed  by  the  (Mpiation  : 

(^i,(P(),)       l^IlJ'(),^('a,n,(lM),^^     (^ili;(("()J,  ^Hi 

Jle  contends  that  j)lants  such  as  ))uckwlieat,  which  the  majoritx'  of  ciiltiir.^ 
expei'iments  show  is  capable  of  utilizing'  the  j)liosphorus  of  rock  ])liospliate 
in  larj^-e  m.-asure,  are  sup|)oscd  to  be  able  to  absoi'b  ])oth  of  th.»  i)roducfs 
to  the  riiilit  of  the  e(piatiou.  It  is  to  ])e  inferr(>d,  moreover,  as  ali-ead\' 
slated  (p.  llilM,  from  Tur(»(i's  latei-  ex|)aiisi()n  of  this  view  that  tin'  I'ate 
of  ai)sor])tion  is  detei-mined  hy  the  decree  of  aciditx'  of  the  sai)s  of  tlic^.' 
])Iants.  Thus,  buckwheat  is  characferiz.'d  as  a  plant  with  ''ImliIi  ijit.'rnal 
acidity.''  In  the  case  of  j)lants  havini;'  a  low  deiii-ee  of  saj)  aci<lit\'.  on.' 
of  the  ])i-oducfs  to  the  ritzht  of  the  e.piatiou  fcalcium  bicai'boiiate  >  is 
assumed  to  be  incai)able  of  absoi-|)tion  by  the  i)lant  at  a  I'afe  comparabl.' 
with  that  of  the  othei*  product  (di-calciiim  ])hosj)lia1e  i  :  cons.Mpicnt  ly.  tli.' 
opiM'ation  of  the  I'everse  reaction  will  i)revent  the  further  solution  of  the 
rock  phosphate.      Corn  and  oats  are  ])laced  in  this  class  by  TiMo.;. 

This   view   has   been    su|)poi'tc(l    (6,   7,   53)    and    as   viu(.i'ously   disputed 
(30).      In  ordei-  to  clarify  our  ideas,  it  should  at   th.^  outset   be  rciiifnibcr.'d 
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•  1  -I-.       /        \-^i\\    />f  'ilisorntioii  of  salts  in   tlic  un- 

.         ,     :,.n.   „n,    U,.,    ,h.   .InT.vn,    ,vh,„v.   ^.L.-n,..  M    -   ;'   •- :- 

■„:„.rn.-.-,h,n:,v.ls .    I.H,..  :n  .Mrnnnun.  ,  h.  ...u  .1.    nun,        W  , 

7!J.U.Julu..rru.W.,n.... 'IK.n.Ml.    n-^^i- 

has  lu.t  as  yet  been  cstablislicd  (Ictinitcly. 

->     EviDKXci:  FOK  AND  AGAINST  Tiau(;'s  VIFWS 
«    DM-Ku-s"s,vx,.  .r.-rrK.  Kx,.,.:.nu.:x...--Tlu.   results   „r   1>.m  k.    (6) 
,„,,■  ,.,.„  ,u..a  in  suin.".'t  "f  Turo^'s  views.       In  tl.ese  expern,,,.,,  s  .nn 
s  ..  own  m  sand  ..uUn.vs  treated  .vith   roeU   phospl.ate    ,.r  aeul   phos- 
ate>  as  the  souree  of  P,  and  XaXO.  or   ( Nil ,  ).N<  •.:  -  the  souree  ot  \  ; 

'he  analytiea,  data   are  insnftieient  to  s, that   ,    e  ";U-;;;>;;'     - 

,,,.owth   in  the  h.aehed  pots  was  ,lue  to  renn.val  ot   eaU-unn  as  th,    In  a 
r,„„ate.      lten,oval  ot  toxie  snl.stane,.  by  leaehin,  nu.st  also  be  eoMsulie 
1  ;';'„n.  (119).      Further  eritieal  experinuuds  on  tins  po.nt  shouhl  iuelnde 

p„ts  whhont  ph.nts  as  -'>"■"'-  ,Kof,-^l)vv,s     llo.^.:,,.^.xu,    and 

1)    The    views    of    the    (  aehoknia    okoi  i  .     wam.  ,    ^  , 

1  n-MVN  (30)  .it.  Newton's  (126)  ivsults  with  p.as  and  barl.w  m  water 
,;Uturo  solutions,  which  ,rew  nonnally  without  bi.arbonatos,  and  more- 
over, in  solutions  at  hydrogen-ion  eoneentration  at  wlneh  ])iearbonat.^  lo 
,ould  not  exist  to  any  extent,  lint  this  aro-un.ent  nu.y  be  weakened  by  the 
faet  tliat  Hoaoeano  (67)  and  otlu>rs  have  later  dedueed  evidenee  to  sbo^^ 
^j,^^^  ^.      i,l  replaeenient  of  -  lU^ ),  ions  by  other  i<.ns  may  oeeur. 

Kfed  and  Haas   (157)   have  also  argued  against  Tkeoo  s  view  on  the 
basis  of  their  experimental  work  with  walnut  and  orange  trees.      • '•  ;'-^P''^-^- 
,u.„ts  with  the  former  the  etVeet  of  a  solution  of  ('a(()ir),  ot  pll   ^^)  was 
a,t,,,nined.      Although  the  percentages  of  (^a  in  the  ash  of  tlu'^  tnps^  .md 
r,>ots  were  U.(iO  and  !).S(),  respectively,  the  ])II  of  their  sa))    (.).L(,-.).4,S) 
showed  no  significant  changes  fnmi  values  o])tained  when  such  plants  were 
<.-,-own  in  complete  culture  solutions.      This  sanie  argument,  however,  used 
hv  Mvvu  and  Haas  to  refute  tlie  existence  of  a  relation   (193)  ])etw<'en  the 
absorption  of  calcium  and  the  degree  of  acidity  of  the  sap,  ])reaks  down 
.omph'telv  when  certain  experimental  data    (78)    may  be  interpreted,  by 
the  same  method  of  reasoning,  to  prove  that  calcium  may  be  necessary  Or 
precipitating   organic   acids   formed   as   a   by-product,    on    the   basis    that 


mottled  leaves  of  citrus  trees  starved  of  calcium  are  considerably  more  acid 
and  contain  distinctly  less  calcium  than  normal  heaves. 

Ao-ain,  Keed  and  Haas  (158)  are  inclined  to  the  belief  that  there  is 
no  evhlence  in  sui)i)ort  of  the  assumption  by  Tim:o(1  (194)  that  absorbed 
materials  are  converted  into  insoluble  compounds  as  r'api<lly  as  they  accu- 
mulate in  the  idant,  oi-  that  absori)tion  iirrrssnnln  (h  i>nnls  on  the  precipi- 

■|(-   N\rilri-'s.       r>u1    this 


If 


ics   arc 


ilS, 


tat  inn   1)1'    i<ui>   wit  liin    1  Ik'   plant 

r.Mirhisiuii    i-s    11. .1    .iii^ni'hM!     iVnin    ih.'    cxp-i-iiiP'iilal    <l;it,i    -ii} 

i;,;,;,,    ant!    liAA.<    il58'     liii.l    tli;it     m    -.-iimI    mlnnvs    ih^    rnnrruiral  in,i    .,!■ 

,va1ri-snl,,!.h-    K     inriva>.'^    ill    Ih^'    .-i-li    -!'    i-.'ivrv    n-iMik,    .hnMl.    and    -^I'M.IS, 

;,,„!    Ihal    the   crnr. ■iilralinn    ..f   x^iiibh'    Ta    iiicrr.-i.r.    n,    iIm-    !-;iv.^.    hn!    Jr- 

rrrasrs  in  the  shoots,  trunk  and   roots  as  th."  .m.h.-.'IiI  ral  ion  ..f  lli.'  niMneiil 

solution  increases.       In  soil  cultures  4:)..si>  per  cent,  of  th.>  Ca  wa.  soluble 


: .     i  1    ,    I 

111      111.        H    <l  \  V   .->,       1  •'  .>'■>      J  ' 


^-lv>  .>,>,.  ,..>,. I  in  ilw.  ^lux.t^  and  onlv  7  !>.o  ix-r  coiit.  in  the 
trunk,  roots  ami  rootlets.  In  buckwh.'at  nearly  all  the  calcium  is  insoluble 
in  water  (67).  The  fact  that  MtfUa  (69)  contains  large  (piantities  ot 
soluble  i)otassium  and  calcium  salts  has  also  been  used  as  an  argument  (30) 
against  Tiu-oo's  views.  Jiut  to  what  extent  the  extension  of  data  obtained 
from  such  abnormal  structures  as  Mhlla  to  the  higher  cultivated  plants 
is  justifiable  remains  to  be  detei-mined. 

The  work  of  KosTVciiEV  and  liEia;  (88;  has  an  important  bearing  in 
this  connection.  They  have  detcM-mined  the  forms  in  which  Ca  is  i)resent 
in  the  tissues  of  a  numl)er  of  plants.  The  following  inter.'sting  data, 
table  \\\  are  taken  from  their  ])ai)er:^ 

TAIU.K  IV 

Foi;ms  ok  (Ah.  ir.M   ix   im.an'I'S 


i'Kia  l-.N'l'ACK    OF    TllK    TOTAL    <  "A 


Plant 


Tnfolunii    rcjx  us    (leaves)    

AIcIk  m'tlla  sj).    (leaves) 
('(U(i;/(iita   (irb(>rrsc(  ns    (leaves; 
Solainnn    I  nix  rostan    (leaves) 
Lcmna   m'nior  


Son 

1U,I' 

IN     \S 

ATI" 

K 

\-l 

4 

;\:> 

() 

'i\ 

0 

i»; 

.•) 

11 

.(■) 

("OMIUNKD     WITH 
I'O,     AN!)     11(H)., 


('A 
OXALATK 


I't.O 

IM.I 

■t*).(t 

tl^.ti 

Tn  apple  tree  experiments  (190)  the  writer  has  found  in  unit ure^ leaves 
relatively  low  i)ercentages  of  the  total  (^a  soluble  in  water,  ri:.,  IT. 2  pc^r 
cent.,  and  relatively  liigli  ])ercentages  as  the  oxalate,  /•/:.,  04.:^  per  cent. 
The  above  data  might,  therefore,  ])e  just  as  readily  used  to  sui)i)ort  Turod's 
views  as  to  refute  them. 
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CiiiBXALL  (22)  has  recently  shown  that  one-tentli  of  the  ^vater-insoluble 
cahnum  of  cabbage  leaves  consists  of  calcium  phosphatide. 

C     Some  WEAK  POINTS  IX   TkUOG'S  TIIKOHY.— 

(1)  The  esperunenis  of  r.W.-n---/>>.ncr-/>>ar//..?.>...-.-Accorclino.  to 
Tk4>  (194)  plants  with  a  slightly  aeid  or  neutral  sap,  like  sweet  e  nver 
,,,1  .Haifa  an-  nmr.  ai)le  to  utiliz.'  th.  potassium  advantagvously  ironi 
l,"v.rnm...nlranons.ni,.  .l.MH.nl  1ha„  plants,  lik.  hu<-kwl..a1  ],av.n.'  a 
^„.,.,,,iasap;l)nt  1>AWKK.M139.  tnund  1  hat  bu.-kwh.at  absorb.,  ivlal  m^^^^ 
,,,.,,  ,,,„iti.s  of  soil  potassnnn.  Mo.vnv.r.  Ha-ku  (6)  lound  hat  bmh 
bn.-l.wlH-at  a.ul  sw<vt  Hnv.r  n.Hlily  absorb..!  .-ah-iuni  Tnun  nu-k  pho.phal... 
lUKTHoLo.MKW  (4)  also  failed  to  1in<l  any  .vlation  b.-tw....  th.  an....nl 
(pereentage)  of  caleium  absorbed  and  the  ability  of  these  plants  t.>  i.ed 
on  roek  phosphate,  altlumgh  the  substrate  and  nutrient  niedinni  wer.  the 
same  as  that  used  by  Turoc  (quartz  sand) . 

C>)  The  effect  of  the  (lestrneUon  of  the  buffer  s}fstems.-\o  aeeount  lias 
been"'taken  ofthe  buffer  systems  present,  the  destruction  of  whicli  must  be 
of  oToater  influence  than  the  faetors  ahvady  noted.  The  buffer  action  oL 
caleium  bicarbonate,  for  example,  is  a  function  of  the  hydrogen-mn  cmc.-n- 
tration  of  the  medium,  and  is  readily  destroyed  if  the  hydrog.m-ion 
concentration  varies  from  pll  7..). 

CadK'O  )  ,     XaOir     ('a(H),     XalKM),  i  11,0  HO) 

CadlCOJ,-:  ILSO,:   (^aSO,  ^  2ILO        -i  2(U\  ^V) 

Tiie  destruction  of  Ca(IICO,,),  results,  as  shown  by  BrTKEWiTscii  (16), 
in  increased  viclds-  -in  some  cases  as  much  as  three  times— and  the  am.unit 
of  calcium  in  the  medium  decreases.  The  stronger  the  bulfer  action  th.' 
greater  the  CaO/P,(),-,  ratio.  From  this  standpoint,  the  inhibitory  act dii 
of  Ca(nr(),).,  on  phosphate  utilization  may  be  regarded  as  that  of  para- 
lyzing the  root  activity  of  the  plant.      In  this  sense  and  in  this  sins'   onln 

may  Tijuog's  vien'  hold. 

{:])   Do  the  terms  "hif/h"  and  ''loir''  aridHjf  hare  any  mvanitoj:     Th 

validity  of  Tkt-og's  concepti(m  must  iKvessarily  rest  also  ui)on  the  a.-euracy 

of  his  classificaticm  of  the  relative  acidities  of  the  sai)s  of  plants  into  hi-li, 

medium  and  low;  but,  unfortunately,  we  have  no  definite  knowledg.'  ..l'  the 

relative  acidities  of  i)lant  sa])s.      As  we  have  seen,  the  variation  in  .liir.-r.Mit 

])arts  of  the  same  ])lant  is  so  great  that  it  is  not,  as  yet,  justiiiable  to  us.'  the 

t(>rms  'Miiglr'   and  ^'low''   in  classifying  plant   saps.       The   hydrogen-ion 

concentration  of  the  sap  of  seeds  is  mucii  more  constant  ;  theref..re,  in  any 

attem])t    to    correlate    hydrogen-ion    concentration    of    phmt    tissues    willi 

nutri.Mit  supply,  the  examination   of  the  sap   of  seeds  would   be  the  most 

profitable  line  of  attack. 
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d.  Lack  of  harmony  of  observation  with  theory.— Nevertheless,  it 
is  liighly  improba})le  that  the  results  upon  which  Parker  and  Truog  (142) 
based  their  classification  of  plants  into  (1)  high  Ca  and  high  N,  and  (2)  h)W 
(^a  and  low  X  are  accidfuital,  as  has  Immmi  contended  (129).  On  the  contrary, 
the  ])reliminary  studh's  of  Storck  and  Kippel  (134)  supi)ort  tlie  existence 
of  such  a  relationshii)  betwe(Mi  Vn  and  X.  True,  the  analytical  data  |)n'- 
MMited  by  P\i;ki:r  and  Trfo.;  r.'pivs.Mit  th.-  ronii)..sil  ion  of  plants  gi-own 
,,,Hi,T  wry  varied  .-md  ditr.-ivnt  .-..n.  lit  ions.  \\\\\  an  rxwrn  i  nat  ion  of  lh>' 
paper  I  142  I  will  show  at  oii'-e  that  th.'  .lata  iiaw  br.  n  .-oll.M-t.'d  with  givat 
,.;,iv  an.l.  )iioiv.,Nvr.  Tim...;  has  hiiiisrlf  .-.Mi.hiet.'.i  carefnlly  c..nti-olh'd  .-x- 
pcriniiMits.  !!<■  n-.-o- ni/os  i  193  i  that  is..lat.Ml  aiiaJNs.'s  nia\-  be  f..iin.!  that 
are  i-elatively  <piit.'  ditVerent  from  those  used  especially  of  plards  that  hav 
reached  maturity  or  were  cut  as  iiay     due  to  losses  of  (^i,  in  part  possibly 


\\\'     1,>'><.1|1»)IV 


( 95 ) . 


If  we  accept  this  relationship  between  calcium  and  introgen  as  an  actual 
fact,  to  what  may  it  be  attributed?      Sur(>ly  not  to  acids  arising  fnmi  the 
decomposition  of  proteins,  as  Trfog  assumes.      The  older  physiologists  (33j 
considered  that  "living"  protein  substance  of  the  protoi)lasm  functions  as 
the  iiinnediate  material  for  respii'ation.  resulting  in  tin'  production  of  the 
acids  found  in  plants.      Jiut,  as  jx.iided  out  by  KosTYriiEV   (87),  this  as- 
sumption  contradicts   an   abundance   of    facts   that   hav(!  been   established 
i-eeently   witliout    (piesti(»n--tliat    sugars    are    much    more    easily    oxidized 
tlian  i)n)teins.      :\Iost  of  the  i)hint  acids  ai'ise  from  th.'  carbohydrates  and 
fats  that  serve  as  the  fundamental  sources  of  energy  of  resi)ii'at  ion    (156). 
As  a  matter  of  fact  the  amount  of  energy  (»btaine(l  by  the  decomposition  of 
proteins  is  very  small,  and,  moreovei'.  tlie  amino  acids  foi-med  are  readily 
converted  by  th.'  plant  again  into  i)roteins    (176).       Ojily  aft.'r  the  com- 
plete consumption  of  sugai-s  do  ])lants  begin  to  burn  the  protein  material 
of    their    i)roto|)lasniie    f I'am.'woi'k,    and    then    the    VOJO.,    ratio    falls    to 
().7()-().cS(). 

The  (explanation  of  the  Va/\  relations  observed  by  Parker  and  Trfo.; 
rl42)  is  mor.'  pi'obably  to  b(>  explained  by  the  aiitagonist  ic  action  of  ("a 
and  K  resulting  in  an  increased  absorption  of  X  ami  1*,( ) ,   (188). 

e.    IVXTEXT  TO  WIIKTl   PASES  FFNCTloX  AS  X  EFTR' ALl/ERS  OF  PEAXT  AGIOS.     - 

Trfog  and  Mfacham  (195)  and  also  Haas  (53)  have  examin.'d  the  hydro- 
gen-ion cone. 'iitrat  ions  of  the  toi)s  of  a  large  number  of  ])lants  gr.)wn  both 
in  limed  and  uidimed  plots,  and.  without  considering  the  possibility  that 
the  results  are  within  the  limits  of  (vxixi'imental  error  (185),  it  was  found 
that  with  few  exceptions  the  i)ll  of  th.'  toi)s  of  the  tinnd  ])lants  was  higher 
than  that  of  the  mdimnl.  It  ndght  b.'  argued  from  thes.^  facts  (53)  that 
,„,.'   functi.m   ..f  .'ah-inm    is  to  adjust    th.'   i)II   of  th.'  s.»il   soluti..n  so  as  to 
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enable  tlie  plant  to  secure  a  sufficiently  rapid  supply  of  bases  to  neutra  ize 
the  injurious  effect  of  too  high  acidity;  but,  apart  from  the  lact  that 
neither  CLEVEX(a.:u  (25)  nor  Dustman  (37)  have  been  able  to  corroborate 
such  a  conclusion,  there  is  absolutely  iio  justification  to  assunu^  that  this 
fauction  is  more  ])eculiar  to  cah'ium  than  the  other  bases,  r.//.,  ma-n.snim 
;,,„1  potassium  (90,  91^.  Morrov.-r,  it  is  not  nercssary  1o  assunic  thai  the 
,.,„,,., ,r;n-i, Is  i.nrrnnii.li.lHM!  .ol^lv  hv  th..'  ni.vh;,  iiism  nl    in-iitr.-iii 


^;i,i*n.  sine..  A.Tinc   (2)   lias  shnw.i  r.mrli.s.wly   lh;il   lh,-  (1i>;iim"';' 'm  n.-  n 


ileitis      w  hich  arc  ;il\\;i,\  s 
llic'ir   ' '  II. Mil  rnli/nl  i"ii 


!!_!■  ici 


; I s   In 


111  1  lie  yoiiiii:'  pi.'iii 

i('       pI'IMM'SS      I'!         fi'Sp 


Is       is  due    llnl    NO   lllUi-h    In 

rnlinii    ;iiid   cs!  fritii'iit 'mn. 


r  Cal.  HM  in:(^rii>KMi:xT^.  ci  i-l\nts  aim:  v!:i;v  dii  ri;i;i:NT.  it  is  (•..|-t;mi 
that  plants  cannot  continue  -routh  without  calcium  and,  althou-h  dilVerent 
species  respond  dillVrentlv  to  its  })res(MU'e,  injury  does  not  result  if  sufficient 
quantity  of  soluble  salts  are  present  in  the  media  (157).  Tiie  ohservation 
of  LOLW  (114),  therefore,  of  the  d(>ath  of  cells  on  treatment  witli  salts  that 
precipitate  Vn  must  be  inter])reted  accordingly. 

The  response  of  species  to  varying  quantities  of  calcium  appears  to  be 
an  important  ecological  factor  (201).  Thus,  Ski:.:x  (175)  has  shown  that 
Phascolus  ruhjaris  nanus  must  have  large  amounts  of  calcuim  and  that 
Lupinus  aJbus  obtains  its  maximum  growth  Avith  relative  traces. 

From  the  foregoing,  Ave  are  forced  to  c()nclud(>  that,  although  the  siig- 
o'csted  explanation  (p.  4(i7)  otfered  to  account  for  this  (^a/X  relationship 
mav  not  explain  all  the  facts,  tlnnv  is  no  sound  reason  for  denying  the 
existence  of  this  relationsliip.  It  is  unfortunate,  from  this  staiulpomt, 
that  the  idtrogen  content  of  th.>  (.at  i)lants  grown  by  Siikdd  (171)  on  dd'- 
ferent  soils  and  which  showed  such  (^xti-eme  ranges  in  calcium^  eontent  are 
not  known.     This  would  have  given  us  some  valuable  information. 

3.   (\)XciJ'Sioxs  FKo:\i  Ki:('i:.\T  moiu;  nun:(T  i;xpi:inMi;NTs 

KrssKLL   (162)    considers  that  the  critical  problem  is  to  know  whether 
the    concentration    of    the    sul)strat(>    rnuti-ient    solution)     with    i-es])ect    to 
calcium  has  decreased  to  a  greater  extent  in  the  "high  feeding"  i)lan1s  than 
in  the  "low  fe(Mlers."      Such  exi^erinuMits  are  at  ])resent  being  carried  out 
l)y  DoMONTOvrrscii  and  S(un:sTAKow   (34),  of  which  only  the  ])reliminary 
results  have  l)een  published   to  date.       In  sand   culture  experiments   with 
lupines,  buckwheat,  mustard,  millet  and  oats  -using  rock  phosi)hat(>    (size 
of  ])articles  0.1  mm.)  as  the  source  of  P-    the  growth  of  the  ])lants  and  con- 
centration with  respect  to  P,0-,  and  (^i  w<'re  com])ared  between  pots  con- 
taining mixed  plants,  ri-.,   (1)   buckwheat  and  oats,   (2)   lu])in(>s  and  oats. 
(3)  lupines  and  millet,  (4)  mustard  and  oats,  and  pots  containing  an  ecpial 
number  of  plants  grown  alone.     The   following  table  Y  gives  the  results 
of  the  preliminary  work: — 
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The  growth  of  oats  and  millet  was  scanty  and  not  much  great(U'  than  those 
plant^'s   without   any   phospliorus   addition.       In    the   mixed    cultures   with 
lupines  the  yield  of  oats  and  millet  was  increased  7)^)  and  84(J  per  cent. 
resi)ectively,  over  the  yields  of  these  plants  grown  alone.      :Mustard   and 
Imckwheat'also  inilu(>nced  the  growth  of  these  Cramineae  to  a  remarkable 
extent.       I'lifort  unately,   calcium   determinations   are    not    re])()rted    m   all 
eases;  but  it  is  evident  that  the  mixed  cultures  with   lupines  have  reduced 
the   concentration    of    the    caleium    under    that    in    the    pots    in    which    the 
(iramineae  grew  alone.     The  hydrogen-ion  eoneeiit  r;it  ion  of  the  medium  in 
the  mixed  cultures  is  also  much  lower  than  that   in  th(>  cultures  of  plants 
oTown  alone.      These  results  in(lic:ite  that  the  dilVerences  in  the  utilization 
f  I'ock  i)hosphate  in   these   exi)eriments  are   to  be   correlated   with   their 
effect  on  the  hydrogen-ion  concentration  of  the  root  medium  and,  })erliaps, 
also  with  th(^  une(iual  rat«'s  of  absorption  of  calcium.      The  data  for  con- 
centration  of  PJ),   show   no   relation   betwecMi   the   rates   of  al)sori)tion   of 
phosj)hate  ion  by  the  ditferent  i)lants. 

IIoAOLAXD  has  i-eeeutly  reported  that  with  the  same  source  of  roek  phos- 
l)liate,  buckwheat  was  able  to  make  normal  growth,  whereas  tomato  jdants 
wei-e  almost  entirely  unable  to  obtain  ])h()sphate  from  this  sourc(--yet  the 
tomato  plants  had  a  much  higher  ])ercentage  of  calcium  than  the  buckwheat 
plants  (68).  The  conclusi(»n  is  drawn  that  the  solid  i)hase  of  the  soil  and 
its  ability  to  keep  the  soil  solution  suppli(Ml  with  calcium  is  an  important 
factor.  Results  obtained  by  Maze  (109)  may  be  similarly  interpreted. 
It  would  be  of  interest  for  investigators  in  this  country  to  conduct  experi- 
ments similar  to  those  of  Domontovitscii  and  Sfhestakow's  work  and,  in 
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addition,  to  determine  the  content  ot*  the  plants  in  (^a  and  PO,.  It  is  well 
to  bear  in  mind,  liowever,  tlie  possibility  tliat  tlie  carbon  dioxiih'  exndcnl 
by  roots  may,  nnder  the  artificial  conditions  of  many  of  the  experiments 
reported,  be  of  far  o-reater  importance  than  under  normal  conditions  and 
for  this  reason   it   is  undoubtedly  more  advanta<iTons   to   use  soils   as   the 

subst  i-att'. 

Iv    The  influence  of  the  extent  of  the  root  system 

1.    Is  T!ii;i;i;  aw  i;i;!.A'ri().\siiii'  i'.r;r\vi:i;.\   n;i;!)i.\(.  i'o\s  1:1: 

AND   I'.X'I'i.N'r   nl'   I.Mmi'I  S 

Thai  .uivat  diriVi-cuecs  exist  will)  resix'ct  to  the  cxlnit  of  Ihe  I'oot  s\.->1ciii 
amon<r  ditferent  types  of  plants  is  a  common  obsei'vation.  A  review  of  the 
literature  has  been  given  by  IMillkr  (115).  This  ditfei-ence  in  the  growth 
of  plant  roots  outwards,  together  with  the  diiVerences  in  Ihcir  n-spii.tliuu 
energy,  is  regarded  by  some  authorhies  (30)  as  an  important  factor  in  the 
mechaiusm  of  absorption  of  ions  by  plants. 

TiuJOG  lias  also  clearly  recognized  that  ditfereiu-es  in  the  extent  of  root 
system  may  be  a  factor  in  the  absorbing  power  ot*  plants.  This  is  (piite 
evident  from  a  statement  in  one  of  his  earlier  i)ai)ers  (193)  to  the  etfect 
that  'Mhe  feeding  power  of  a  plant  for  lime  depends  largely  on  the  extent 
and  character  of  the  root  system."  Fi'om  the  results  of  experiments  cai'- 
ried  out  later,  Tkuoc  modified  this  view  and,  as  we  have  seen,  stressed  the 
internal  acidity  of  the  sap  as  a  more  important  factor  in  ])lants  like  buck- 
wheat, which  have  a  veiy  I'estricted  root  system. 

But  there  are  several  ex])eriments  (84,  152,  154,  155,  192)  that  indicate 
no  evidence  of  the  existence  of  any  relationship  between  feeding  power  and 
the  extent  of  the  root  system.     In  (piartz  sand  cultures  with  rock  phosi)hate 
as  the  source  (»f  i)hosphorus  (84,  152,  154,  155,  192)  much  larger  yields  and 
a  much  higher  i)ercentage  of  P,()-,  were  obtained  in  the  case  of  the  legumes 
(peas  and  lupines)   and  also  of  buckwheat  than  of  the  cereals.      Tn  otlH-r 
words,  in  these  experiments  buckwheat — with  a   small   root  system --('145, 
146)  utilizes  rock  i)hosi)hate  better  than  the  cereals  which  have,  relatively, 
a  veiy  (>xtensive  root  system.      l*AKKKirs  data   (139)  are  of  intiM'est  in  this 
connection.      (\)m])aring  the  absor])tion  of  sorghum  and  cotton  under  simi- 
lar conditions,  it  was  found  tliat  the  latt(M-  absoi'bed  more  than  double  the 
amount  of  ash  constituents  than  the  former.      If,  as  the  majority  of  licld 
ol)s(n-vations  tend  to   indicate,  soi'ghnm   has  a   more   extensive   root   system 
than  the  ta])-rooted  cotton  ])lants.  ditVerences  in  absor|)tion  of  mineral  con- 
stituents cannot,  in  PAUKiin's  expiM-iments,  be  attributed  to  ditferences  in 
(\\tent  of  root  systems.     On  the  other  hand,  Davis  cf  al .  (30)  cite  Xiavton's 
experiments   (126)   to  show  that  the  extent  of  root  system  is  an  imi)ortant 
factor  in  the  absorjition   of  ions  from  soil.      This  conclusion   is  based   on 
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Xewton's  exi)eriments  in  which  peas  and  barley  were  grown  together. 
Pnder  these  conditions  the  peas  absorbed  more  calcium  than  barley  from 
Holl  rultiins;  but  there  was  no  similar  difference  in  solution  rulturcs.  It  is 
argued,  therefoi-e,  that  if  barley  and  peas  diifered  considerably  in  extent 
,,f"i-oot  system  such  results  would  be'  expected  to  follow.  Data  on  the 
ornwth  of  th(>  respective  root  systems  in  these  (^x])erinieuts  are  not  given, 
h,  a  later  experiiii.Mi1  (128.  on  the  .■voliillon  ..i  i'O,  from  barley  ;iiid  pens. 
1|,,.  ,lrv  w.'i-hts  of  Ih."  r.H, is  of  pea-  were  f.Miii.l  to  be  less  lli;tn  tle-sr  ..f 
l,,,|,.y"  Xi:wT..N  himself  ^128..  however,  is  inrliiird  P.  attribute  Hies.' 
,li!r..rrnr,.s  !(.  the  iiiiirli   Inr-er  ivspirat  i- mi  cii-'r-y  nf  p. 'as  *>ver  barley  than 

P,    .liffrrmiers     ill     the    extent     of    ront     svsb'llis.  r.nt      Ib.AOLAM.     (67'     latei- 

pointed  out  that  comparisons  of  ext(Mit  of  root  systems  have  only  a  very 
limited  value,  becaus<'  the  general  appearance  and  size  of  a  root  system  is 

not    necessarilv  an   ac(Mirale  index  oi    me   iui,u   ar.ivr   .lO.^oii.in^   ,. 

this  connection  it  is  of  int(M'est  to  note  that  KrssKLi.  (162)  is  of  the  opinion 
that  the  whole  (piestion  of  the  supply  <»f  niitriiMits  involves  b(»tli  root  spread 
and  i-ei)lacement  of  i<»ns.  although  no  experimcMital  evi<h'nce  is  cited. 

("ons.Mpiently,  views  on  the  relation  of  extent  of  root  system  to  feeding 
power  are  necessarily  speculative  until  more  critical  data  are  forthcoming. 
The  method  of  determining  the  actual  abs(.rl)ing  surface  such  as  that  em- 
ployed by  DrsTMA.v  (37)  and  others  is  umpiestionably  the  most  accurate. 
A  critical  discussion  of  the  relative  merits  of  the  various  procedures  has 
l)eeii  given  recently  by  \Vi:AVi:ii  and  IIi.mmkl  (202). 

F.    The  influence  of  other  factors 

1.  Pkhmkaiulity 
in  an  earlier  paper  (187)  the  writer  has  discussed  some  of  the  factors 
involved  in  "membrane"  i)ermeal)ility.  rntil  sufficient  (piantitative  and 
qualitative  data,  obtained  under  rigid  control  of  all  the  variables  are  avail- 
able it  is  improbable  that  views  on  the  subject  can  be  anything  but  specula- 
tive. Possibly,  a  satisfactory  working  liy|)otliesis  may  be  formulated  only 
when  data,  based  ui)on  cata])lioresis  expei-imeiits,  have  accumulated  from  a 
wide  variety  of  materials  carrying  no  charge  (99).  The  importance  of 
securing-  more  <pialitative  information  is  indicated  by  the  intcuvsting  i)roper- 
tiesof  tliei)hosphati<h'  (  I{(),  (  ^  ('11,011  (('  K'(), )  CHJ)  •  PUJI,)  isolated 
by  Channox  and  ("iiii'..\ALL  (22i.  It  forms  a  fat-s(»lul)le  calcium  salt  but 
a' water-soluble  sodium  salt;  and.  accordingly,  cell  permeability  could  be 
conceived  to  be  altered  by  a  change  in  the  proportion  of  calcium  to  sodium 

salts. 

From  thei-modynamic  considerations  and  also  from  the  kinetic  theory 
it  can  be  deduced  that  ionic  pairs  having  the  higher  mobility  will  i)ass 
through  a  membrane  in  proportionally  the  greater  (piantity,  and  also  that 
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the  permeability  of  an  ion  is  increased  by  the  introduction  of  another  elec- 
trolyte possessin^^  a  connnon  ion.  Thus,  many  investio-ators  (100)^  have 
found  that  the  absorption  of  K  from  K(J1  is  increased  by  the  addition  of 
XaCl;  and  the  effect  of  tlie  NaCl  has  been  shoun  to  be  dependent  on  the 
liydrogen-ion  concentration  of  the  medium.  Si.ice  liydro-en  and  liydroxyl 
inns  Imvc  llie  -ivatcsl  v.-lnrily,  llie  addition  of  acids  ((hrrcase  of  ]Al)  ^vlll 
•  ncivaso  tlH'  diiTusiou  (M'  anions;  llio  addition  of  alkalies    (  incvas."  of   pll  ) 

that  of  cations  (46,  47,  48  i . 

The  iniluoncc  of  the  hydro-*. n-inn  concent  rat  inn  (if  the  incdinin  on   the 
nhsurption  <.f  trnil,-  arl<ls  „,nl  has^  s  ami  llnir  sails  hy   livm-  c.-Ms  has  been 
investigated  by  .)a(  (.ns  (73,  74).      The  pll  of  the  medium  to  ^vhlch  a  ceil 
is  expcrsed  was  fonnd  to  bear  no  necessary  rehition  to  the  i)ll  produced  l)y 
that   medium  ^vitldn   tlu>  cell   itself.       Tlie  lii-her  permeability   of   livm- 
membranes  to  undissociated  acids  and  bas(>s  results  in  a  hi-lier  pliysiolo-ical 
activity  of  weak  acids  and  bases  c()mi)ared  with  stron-er  ones.      Conditions 
favorino-  the  formation  of  nndissociated  molecules,  tlierefore,  will^  promote 
their  pe'netration  into  membranes  to  wliich  they  are  permea])le.      The  result 
of  these  influences  may.  as  Loi:n  (100)  has  shown,  be  to  modify  the  i)r()per- 
ties  of  the  cell  wall  in  such  a  way  as  to  accelerate  tlu^  rat«;  of  dittusion  of 
certain  ions  and  retard  th(>  rate  of  ditTusion  of  other  ions.      Ca(1,  and  Xa(T 
are  important  factors  in  causin<,^  such  selective  ditfusion. 

From  the  practical  standpoint  it  is  interesting^  to  note  that  Stoklasa 
(183)  finds  that  different  i)lants  luive  different  selective  al)ilities  towards 
cations  and  anions,  respectively.  The  (Jramineae,  in  his  experiments,  ab- 
sorb anions  more  than  cations;  potatoes  and  beets  moi-e  cations  than  anions; 
leo-umes  anicms  and  cations  ecpially.  Of  courscN  further  confirmation  of 
such  results  is  necessary. 

2.   Ion  antagonism 

There  is  sufficient  evidence  to  show  that  Ca  and  :\lL^  wliicli  i)recipitate 
sols,  cause  contraction  and  impermeability  and  that  K  and  Xa,  which 
stabilize  sols,  cause  relaxation  on  tln^  one  hand,  and  ^n'eater  ])erm(>al)ility 
on  the  other.  The  anta<ronistic  effects  ])etween  uiuvalent  and  divalent 
cations  in  colloidal  systems  \u\\o  ])een  studied  by  Mkilkx  and  Kikman 
(113,  159),  by  AVkiskk  (203).  and  also  by  II(">iu:k  (71).  Simms  (173)  has 
dei-ived  a  mathematical  exi)ression  for  the  anta<:onism  between  \a  (or  K) 
and  Mix  (or  Ca  )  in  true  (non-colloidal)  solutions  of  oxalate  One  mi<:ht 
exjx'ct  althou<ih  it  has  not  been  demonstrated  that  the  activity  of  l)ro- 
teins  would  show  a  sindlar  anta<i'onism. 

It  is  essential,  however,  foi-  the  invest i<.;ators  to  keep  in  mind  the  fact 
that  the  effect  of  a  mixture  of  two  or  moi'e  cations  (or  anions)  on  cell 
permeability  may  be  (luite  different  from  the  effect  of  one  alone  when  the 
activity  of  the  ions  is  due  to  different  com])iinn«r  ))roportions  of  the  cations 


(or  anicms)  in  a  mixture  (such  as  the  soil  solution),  in  proportion  to  the 
relative  cond,inatio.is  in  solutions  of  each  alone  (174).  Scmie  of  the  prac- 
tical ao-ricultural  applications  of  ion  antaoonism  between  (^a  and  k  have 
been  investi^mted  by  Lipman  rl  al.  (98),  by  M('(\)ol  and  AVkldox  (106) 
and  by  Fondek  (42). 

?,.  Cir.ns  l^nxx  \\  dt^tkiim'Hox  law 
In  svstenis  ennlamin-  a  nnn  .  1  ilVusihie  mu.  a  marke.l  rl\rr\  is  nl...  rv^M 
,,n  the  un.Mpial  .lis!  riluit  inn  of  innroanie  .leet  mlyl  es  nn  eillier  .i.h'  of  the 
cell  nien.l.raiie.  .\  n.ai  diiru^ihir.  eleetro  neo-a1ive  iun  ^^\\\  i-nnluee  a  -ivaler 
.M.ncentration  <.f  diirnsihie  elneli-n  pus, live  mos  an. I  a  in-.Ner  ,-oneen1r;,t,nn 
of  rlectro-ne-ativ.'  ions  <.n  its  own  si.le  of  tli."  membrane  than  on  the  other. 
A    non-diffus"i))le   electro-positive   ion    will    produce   the   opposite   effect.      At 

.,-,     •  ji  1..    ^    ,4'    +1 <..>,,,..>^  !••.<  iMnw-    nt'    ciwli    ^)',\'\v   of    oj)i)ositel\' 

e(pilllt)rium    hie    prttunn    »>i     iiiK     V  «M.v  -  ..> -  1 

rhar-cd  diffusible  ions  is  the  same  on  either  side  (35,  36).      The  distribution 
of  an  eh'ctrolvfe  in  such  a  syst(>m  will  be  (>xpresse(l  by  the  e(piation: 


Xj  yi  ^^jy^ 


12; 


where  Xj  and  x,  represent  the  amounts  of  cation  and  anion,  respectively, 
withi.i  the  membra.i(>  at  e(pdiibrium  ;  and  x„  an.l  y„  th.'  e<piilibrium 
aPHMints  of  the  same  ])airs  of  ions  in  the  external  solution;  v.  and  v,.  the 
yolume  of  the  soha'ut  on  either  sidi^  of  the  membrane. 

^P,„.   i.npnrtanc.'  that   the  ( 1  iia-.s-Dcx x an  distribution  law  may  liave  in 
the  e.piilibrium  conditi..ns  and  c.nse.pM'nt  selectivity  of  nutrh'nts  by  i)lants 
has  been  mentioned  bv  IIca.ilani)    (67),   VuMUK  and  1>ak>klu    (148),  and 
also  bv  r>Ki.a;s  and  Pltwik   (14..       It   will  be  recall.Ml    (187)    that   Pakkl.: 
(141)'found  that  the  displaced  soil  s..liition  from  many  of  the  exp(>rimental 
fi,.hls  in  America  were  too  low  in  inor-anic  ph..sphorus  f..  sui)poi-t  -rowth 
in  the  luitrient  nuMlia  when  th.>  phosphorus  in  these  soil  solutio.is  was  used 
as  the  source  of  pliospliorus.      One  <.f  the  explanations  ot^'red  by  him   to 
.'xplain  this  anomaly  is  that   a   Donnan   membrane  e.piilibrium   may  exist, 
resulti!!-   in   a    hi-her  concentration   of   phosphorus   in    the  snlution   on    the 
surface  of  the  soil  particles  than  in  the  soil  solution  itself.      The  mechanism 
involved    has  alrea.ly   been   discussed   by  th."   writer    (132,   187'.       lint    the 
exact    ex|)erimental    vrificat  ion    of    Dcxnax's    law    in    the   ease    .,f   speelfic 
plant  tissue  is  difficult,  for  it   is  im|)ract icable  to  measuiv  the  x,.  y,.  and  v, 
accurately,  sinc.>  a  calculation  of  the  amount  of  ions  absni-bed  by  means  of 
the  ditferenc(>  between  their  concent  i-at  ion  before  and  aftei-  e(piilibrium   is 
reached  does  not  take  co-ni/.ance  of  tli"  amounts  of  these  ions  already  l)res- 
ent    in   the   tissue    (14l       Hence,   extension   of   the   methods   of   Ostliiiiolt 
(135)   and  of  Ostluiiolt  and  Doucas   (137)   on  the  abs(»rption  of  (M)_,  by 
Yaloula  do  not  afford  a  basis  for  -(-neralizat  ion,  for  even  h.-re  the  avera-e 
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concentration  of  the  ions  in  the  cell,  as  a  Avhole,  is  not  considered  but  only 

that  in  the  cell  sap. 

As  Briggs  and  Petrie  (14)  point  out,  in  the  plant  cell  we  are  dealin<,^ 
Avith  a  polyphase  system.     The  Doxxax  ('(piilibrhnn  applies  to  free  ions 
..Illy.     In  the  cell  then*  is  evidence  that  some  of  the  ions  are  ])resent  as 
iiiu'lissocialr.!   salts  of  proteins  oi"  other  suhslaticcs,  or  a.u'ain  somo  of  the 
!.ms   i.iay   he    pliysicaliy   nhsorhed.      We   should   exi)eet.   liierct'ore,    that    the 
simple  Do.WAX  (Mni;itioii  would  not   hold  in  sneh  systems.      That   this  is  the 
,.;,^,>  is  apparent    from   the  results  of   \\u\c.i;<  and   PirriMi/s  experiments  on 
lh<-  ahsofj)tion  of  Cid   M   K  ( "1  a  iid  X  1 1  ,< '1   tVom  earrct   tissues  (14^   and  i'mm 
\ViU(;HT's   (214)   work  on  the  secretion  of  lii.uii  amounts  oT  caleium  in  milk 
from  the  relatively  low  concentration  of  this  element  in  the  l)loo(l  ])lasma. 
Tlip  latter  finds  that  both  the  de<:ree  of  dissociation  of  the  i)rotein  salts  and 
the  establishment  ol*  a  Doxxax  e(pulibrium  must  be  taken  into  account  in 
explainin^^  the  ine(iualities  of  the  products  in  the  distribution  of  inoroauic 
elements  in  living'  tissues,  whereas  the  former  (14)   have  deduced  that  the 
apparent  ionic  internal  product,  resultin«j:  from  the  colhu'tive  elfect  of  all 
the  phases  within  the  tissue,  must  liave  a  higher  value  than  that  of  the 
external  media.     liRiGGS  and  Petru:  (14)  point  out  that  ''the  i)lant  cell  is 
not  a  simi)h^  system,  com})osed  of  a  mei'c  membrane  enclosin<i'  a  lionio<jr<Mie- 
ous  solution,  one  of  the  ions  of  which  is  inditfusible ;  there  are  at  least  three 
l)liases  between  which  the  ions  may  be  distributed — the  external  medium, 
the  cytoplasm,  and  the  vacuoh^s.     AVithin  the  cytoplasm  also,  and  perhaps 
in  the  cell-sap,  there  are  micelh's,  or  ^■el-i)articles,  which  can  constitute  yet 

other  phases." 

BuTKEWiTsriT  and  ]>rTKE\vrrs(ii  (17,  18)  have  advanced  as  a  reason 
for  the  ine(piality  of  the  ])roducts  of  the  ditfusiblc  ions  on  each  side  of  a 
membrane  in  svstems  containin*--  a  non-ditfusible  ion,  that  the  de«»:ree  ot 
])ermeability  of  the  i)lasma  membrane  is  not  th(»  same  in  both  dir(H'tions. 
This  has  been  shown  to  be  the  case  by  Wertiieimer  (204,  205)  for  certain 
types  of  membranes.  In  such  a  case  the  e(piation  of  mend)rane  ecjuilibrium 
will  contain,  besides  the  concentration  product  of  diffusible  ions,  a  factor 
corresponding.^  to  the  velocity  of  mi^Tation  of  the  coi-resp()ndin<:-  ionic  i)airs. 
Thus,  if  a  solution,  say  of  K(1.  is  separated  by  a  membrane  j)ermeable  in 
the  two  directions,  we  have: — 


X' 


2/'       CI 
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C\        y' 
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where  ./•  and  y  represeid:  the  conc(Mit ration  of  Iv  and  CI  ions  and  p  a  per- 

meabilit  V  factor. 

By  this  means  it  can  ])e  calculated  (17j  that  in  Osteuiiout's  experi- 
ments on  Vdhnua  (134)  the  permeability  of  the  ])lasma  meml)rane  for  Xa 
in  one  direction  is  one-fifth  that  in  the  opposite  direction  and  in  the  case 
of  i\  the  dilTef(Mice  is  T")  times. 

Will,!,,  ih,.  limitatinns  ;drem!y  discnsscd  it  is  possil.h'  \n  interpret  the 
,.xpe,',„MM,ls  Ml-  l;i  rKiAM'i-  M  and  HrTKl  WIT.-  ii  17  M,  H-  inllllMW.  of 
..nih.idal    sllirie    ;irid    npnn    the    ;d.sn,-pll.m    nl     phnsphn.Mls    h>     m.li/-    plants    !)V 

Dnxxxx^  pnnnph..  Wl.e,,  simdl  amnuuls  n\  V  n  a  r-  pr--n1  m  the 
,,,Mi-i,.,,l  i.M.iium.  Lii-MxMh  and  ahsnlui.  ;M,.n,Mils  of  1>  o  mmm-;,^-!  h>^iie' 
additions  of  silicic  acid  in  the  nntrieiit  m.Mlinm;  but  th.'  /»  ,r>  nin;/,  of  \\n, 
remained  about  the  same.  It  follows  that  a  functional  replacment  ()f 
P..0-  ])y  II  SiO.  in  the  plant  does  not  occur,  but  that  the  favorable  action 
of  IL.SiO.  on  the  development  of  the  i)lants  is  due  to  its  elfect  in  increasinj- 
the  absorption  of  P,0  ,  in  a  medium  that  contained  minimum  amounts  of 
phosphorus  f(»r  y:rowth    (189; . 

4.  The  i;i-i'i:(T  of  I)IFFi:uex(i:s  ix  fotextfve  i'.i:t\vffx 

SOlE  AXI)    FEAXT 

Since  the  breakin-  down  of  carbohydrates  sets  free  electromotive  f..rce, 
part  of  the   ener-y  stored   in   the   plant    must   be   electrical   and   used   in 
o-rowth.     The  work  of  (Jroh   (49)   is  important,      lie  attributes  the  differ- 
ent l)ehavior  of  different  plants  toward  ditferent  de-rees  of  hydro-endon 
concentrati(m  in  the  medium  to  a  ditrerenc(>  in  potential  between  th(>  plant 
and  soil  solutions,  which  results  in  a  decom])osi1  ion  of  the  nutrient  mate- 
rial.    This  hypothesis  is  supported  by  \\w  followin<j:  experiment.      IN-as  and 
also    barley    were    o^rown    in    sand    and    also    in    soil    cultures    to    which 
(^i(X().).,"were  added.      Durin--  -rowth   individual   i)laids  weiv  c(mnected 
with  a  -idvanometer  with  (me  of  the  i>latinum  electroih's  immersed  in  the 
soil   and  tli<>  other  connect.Ml  to  th.'   plant.     The   E.M.F.   produced  varied 
with   conditions     fnmi  0.01    to  O.'iO  volts.      The  -n^ter  the  distance   from 
the  roots,  of  th(>  electrode  connected  to  the  plant,  the  -reater  the  current 
re-istered.     This  shows  that  the  difference  of  jx^tential  existin^^  in  the  plant 
itsvlf  is  much   less  than   that   existin-  between   the   plant    and   the  soil.      The 
d,.o.n.c  of  v.'iivtative  development   apparently  was  not   a   lai-v   factor  in   de- 
tenniidni:'  tln^  de-r(H^  of  the  difference  of  potentials  noted.     Croh's  work, 
althouo-li  of  a  i)reliminary  nature,  is  su--estive  and  should  ])e  considered  in 
n>nnection    with    Ostfihioft's    (  136  >    more    ivfined    w<.rk    on    the    potcMitial 
difference  in  YaJouia  and  Xifclhf. 
Tin-.  Pi.NNsviAAMA  STA-n:  Coi.i.km:. 
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laboratory,  osixM-inlly  in  those  cases  w 
a  v('in. 
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lii  ies 
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1    ..   c  ,.,..,..,.    ;.,    4lw>    lit<M-Mlni-e   1()    microiiietliods    Tor   llu' 
'I'hore    are    several    n-n-i.i.w.^    ... ,.   ,  ,       ,         v 

a,.tor>„ina1i.>„   ,.r  nonp,.,,!--,,,   „il,-...-H    in   0.1    .,,,1   O.'i   ,•.,■.   .>l"o,l.      A,,,,,    , 

,so    w,.   m.nti.m    tl.os,.    of    IV„.,-s.'    XVill,..l,„.j.^    l'o,„l-r.^    KI..,„nK„.n.     a  .1 

T.vlor  .„a  ir,.lt,>„."     \Vill„.|,„.i,  n,„l  Ta.vlo,-  m„l   ll„lt.m  luiv.  eo,npan.,l     l„- 

nonprotWn  .,itn.,v„  .■o„t,..„t  ol'  v,.„cm,s  a,„l  .■.piHm-y  l,l„.„l  an.l  hav.  lo,„„l  ,t 

to  1)0  the  saiiK'.  ^,,  ,      ,  ,■       41       1  +   .. 

This  pnp<.,-  ,vp,„-ts  n   nH„lin,-n,i..n  cl'  I  !,.■  Koli„-\\  n     mrlho,!   I..,-  1  :.•  >rU- 
,„i„n1io„   .1-   „o„,„-<,t,.i„   „it.-av.,    «I,H-I,    ■-..piin.s   ,ml,v   0.1    .-.r.    ul    I,I,hh  .      1,| 
this  ,„o,lifi,..ti„n   tho   s.Hli,,,,,    t.inust.t,.   .M.I    sulph,„-ir    n,-,,!    nvr   m>x,vl    mi.l 
,lil„to,l   to   ion,,   o„r   ..v.-ipitnt i„u'   nu-nl.      Th..   p,v,.i,,il.l,.,l    pn-t,.,,,    >s   s.p. 
...to.il.v  .o„t,-ifu-i.,^-  M„<l  11,."  fi„.l  ,li.vs,i,.„  is  ,„ioh.  i„  M  t,.sl   ,„1„.  .,.„l„at,M 
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<1 


at,  5  c.c. 

i',i,;,'Ai: A'lio.N'  oi'  ,.'i:ai'I^^^'1'^ 

1  Preeipitatin^  Mixture:  To  :55  e.e.  of  water  a.M  .  e.e.  of  10  per  eeiit 
s(Mli,nn  tun-state  solution  ami  T)  v...  of  1>   :>,  X.  sulpliurie  aei.l. 

o  \ei(l  I)i<.vstion  Mixture:  To  -lO.-)  e.e.  ol'  wat.'r  a. 1.1  •>  e.e.  oi  -)  por  eent 
eopper  sulphate  sohltiou.  :)()  e.e.  of  >:>  per  eent  phosphorie  aei.l  au.l  10  r.v.  ot 
.oneentrated    sulphurie    aeid.      This    s..luti..u    is    Fe^lin    aud    Wu's    dilute    ae.d 

dio-estion   mixture  dilutetl   1    t(»  •). 

:>.    Staudanl  Aminoniuiii  Sulphate  Selutioii:      Diss.dve  0.471  ti  .^lu.  ol   p.vri- 

diue  base  free  ai.nnoniuin  suli.hate  iu  water  aud  dilute  to  a  volume  ol    1   liter. 
4.    Xesshu-'s    Soluti.ui:      Prepared     ae..ordin-    to    the    diivetious    ol     boliu 

and  Wii.'-' 

ru()(  I'.nrivi: 

Sterili/e  a  (in-er  tip  with  aleohol  and  after  allowiir^'  it  to  dry  thorou-hly. 
puneture  it  with  a  laneet.  and  eolleet  :>,  dnM>s  of  blood  on  a  small  wateh  -lass, 
liv   means  of  a    Folin^    eai.iHary    i>ii)ette.   transfer   0.1    e.e.    of    blood    i  rom    the 


*Krw,n    11..-    l).p;Mln,..nt    of     .\  u  ri.uin.r  .  1     m„.1     Hiolo^i.:,!     ( -In.nist  ry    .f    Tl.o     P.nnsyU  ;,niM 

St.lt''      Colll'^;'',       1''   llll.'^.N  1\  MTli;i.  .  ■  ,.  1        ,.  :  .,. 

vruhlLtion    nuthoriz...!     by     11.      Dinrtor    ,,r    tl..     1  •,.,n>^  vK  :,  tun     .X.n.u  It  u,  m1     Kx  p.mn-nl 
Sl.itioii    :i,s    T.'i'linic.il    r.'ip'  r    N".     11»!>. 

liiT.iv.d    for   public'ilioii,    Apiil    11.    VXli). 
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